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ihis  report  covers  tl.'t  prototype  phase  of  an  OPNAV  sponsored  hearing 
conservation  program.  The  objective  of  the  prototype  phase  was  to  demon- 
strate the  feasibility  of  reducing  machinery  space  noise  levels  sufficiently 
to  comply  with  BUMED/OSHA  hearing  damage  risk-criteria. 

The  USS  ELMER  MONTGOMERY  (FF  1082),  the  designated  prototype  ship, 
was  subjected  to  comprehensive  undei'way  and  dockside  diagnostic  noise 
testing.  The  tests  indicated  that  even  at  nominal  15  to  20  knot  cruising 
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speeds,  noise  levels  at  many  manned  locations  In  the  engine  room  and 
f-iro  room  exceeded  the  BUMED  90  dBA  hearing  damage  risk  criterion.-, 
Diagnostic  tests  determined  that  while  several  sources  contributed'  to 
the  high  noise  levels,  the  noise  environment  was  dominated  by  the  main 
reduction  gear  In  the  engine  room  and  by  noise  radiated  from  forced 
draft  blower  ducts  and  ventilation  exhaust  fans  In  the  fire  room.  Those 
dominate  sources  were  approved  for  treatment  In  the  prototype  program. 
Noise  levels  at  manned  locations  In  auxiliary  machinery  spaces  were 
found  to  be  acceptable  under  normal  operating  conditions. 

— -sConceptual  approaches  for  noise  control  treatment  were  provided 
to  the  naval  shipyard  which  developed  the  design  for  the  prototype 
treatments.  . The  treatments  were  Installed  during  a scheduled  rest^rlcted 
availability.  The  shipyard  costs  associated  with  this  prototype 
Installation  were  $233K. 

— -'Subsequent  noise  trials  conducted  to  assess  the  performance  of  the 
profotype  treatments  Indicated  the  predicted  noise  reduction  from  the 
treatments  was  acli1eved_.^  Noise  levels  at  all  machinery  space  manned 
locations  remained  below  the  BUMED  90  dBA  criterion  at  all  speeds  up 
to  23  knots,  and  through  26  knots  In  the  engine  room.  The  prototype 
treatments  were,  therefore,  judged  successful. 

Noise  trials  were  also  conducted  on  a second  ship  In  the  class, 
the  USS  DOWNES  (FF  1070),  to  Insure  that  differences  In  equipment 
manufacture  or  shipyard  construction  practices  did  not  result  In  signi- 
ficant differences  In  the  noise  environment  within  the  FF  1052  class 
tn^chineny.- spaces. Only  minor  variations  in  the  noise  environment  were 
/found,  but  were  not  significant  enough  to  argue  against  a single  set 
Vof  noise  control  treatments  for  the  entire  FF  1052  class  of  ships. 
~~~^he  report  concludes  with  a recommended  noise  control  package  for 
ships  of  the  FF  1052  class.  In  addition  to  the  prototype  treatments 
installed  In  ELMER  MONTGOM^  for  the  main  reduction  gear,  forced  draft 
■'ower  ducts  and  fire  room  ^haust  fans,  the  recommended  noise  control 
iCkage  recommends  silencers Vor  fire  pump  motors  in  the  engine  and 
.Ire  rooms  and  rerouting  of  tte  Prairie/Masker  vent  in  ships  where  the 
vent  ii  currently  terminated  In  the  fire  room.  The  estimated  cost  of 
this  package  is  $200K  per  ship  in  1976  dollars. 
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EXECUTIVE  SUMMARY 

• 

This  report  covers  the  prototype  phase  of  an  OPMAV 
sponsored  hearinc  conservation  procram  aimed  at  reducine 
hazardous  airborne  noise  levels  in  the  machinery  spaces  of 
surface  ships.  The  prototype  phase  was  concei'nod  v;ith  a 
feasibility  assessment  of  prototype  noise  treatment  install  - 
ation  in  a ship  of  the  FK  1052  class  and  the  identification 
of  potential  differences  in  noise  characteristics  in  ships 
within  the  class.  (There  are  differences  in  machinery 
manufacturers  between  the  older  chips  and  FF  1078  and  later 
ships  in  the  class.)  USS  ELMER  MOMTGOMERY  (FF  1082)  received 
the  prototype  installation,  and  USS  DOWNES  (FF  1070)  was 
tested  to  identify  potential  difference?  in  noise  characteristics. 

Extensive  diacnostic  airborne  noise  testinc  v;as  conducted 
underway  and  dockside  in  the  machinery  spaces  in  USS  ELMER 
MONTGOMERY  (FF  1082)  in  March  1975.  These  tests  indicated 
that  at  nominal  operating  speeds  (15  to  20  knots)  noise 
levels  at  many  of  the  manned  locations  in  the  engine  room 
and  fire  room  exceeded  the  BUMED/OSHA  90  dBA  hearing  damage 
risk  criteria.  This  condition  improved  only  slightly  at 
lower  speeds,  and  at  higher  speeds  the  90  dBA  criterion  was 
exceeded  at  all  measurement  locations.  In  auxiliary  machinery 
spaces,  the ’noise  levels  were  essentially  independent  of 
speed  and  did  not  exceed  the  90  dBA  criterion. 

Diagnostic  tests  were  used  to  identify  and  classify 
individual  noise  sources.  The  dominant  noise  source  in  the 
engine  room  was  the  main  reduction  gear.  Distiller  brine 
overboard  eductors  and  the  motor-driven  fire  pump  were  also 
significant  noise  sources  contributing  to  the  excessive 
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noise  levels.  In  the  fire  room,  forced  draft  blov;er  duct 
radiation  and  ventilation  exhaust  fans  vjere  the  dominant 
sources.  The  vent  exhaust  fans  exceeded  the  90  dBA  criterion 
when  opei^ated  alone  at  dockside.  The  fire  pump  in  the  fire 
room  was  also  a sicnif leant  noise  source.  An  extremely 
hazardous  transient  noise  problem  was  also  noted,  as  air 
from  the  Pralrie/Maskcr  compressors  vented  directly  into  tne 
fire  room  durinc  warmup.  Noise  levels  as  hich  as  125  dBA 
were  measured  'durinc  tlic  thirty  to  sixty  minute  compressor 
warmup  period.  Noise  levels  as  hich  as  Il8  dBA  were  measured 
with  the  compressors  foedinc  the  masker  belts.  It  was  not 
clear  whether  this  v;as  a class  problem,  or  one  peculiar  to 
ELMER  MONTGOMERY:  however,  later  tests  showed  that  a properly 
functioninc  Pralrie/Hasker  system  should  not  vent  inboard 
u!ider  noi'mal  operatinc  conditions  (l.e.,  after  compressor 
warmup)  and  consequently  would  not  present  a noise  problem 
if  inboard  venting 'did  not  occur. 

The  proposed  prototype  noise  control  installation  in 
ELMER  MONTGOMERY  included  a close-coupled  treatment  for  the 
main  reduction  gear  casing  and  associated  foundation,  acous- 
tical lagging  of  forced  draft  blower  ducts  and  brine  over- 
board educters,  silencer  devices  for  fire  room  ventilation 
exhaust  fans  and  rerouting  of  the  vents  for  the  Prairie/Masker 
compressors  to  the  uptake  space.  The  proposed  treatments 
were  installed  during  a restricted  availability  (RAV), 
except  for  the  brine  overboard  eductors.  (A  BHIPALT  is 
already  developed  and  scheduled  to  replace  the  eductors  with 
quiet  pumps.)  In  addition  to  the  prototype  installation 
v;ork,  the  shipyard  developed  a design  for  running  the  vents 
for  the  Prairie/Masker  compressors  out  of  the  fire  room  into 
the  uptake  space;  however,  the  installation  work  v/as  not 
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accompllGhcd.  Shipyard  costn  associated  with  tne  prototype 
installation  were  $233K. 

Post-RAV  noise  trials  conducted  to  evaluate  the  proto- 
type installation  showed  that  the  treatment  performed  essen- 
tially as  predicted.  Noise  levels  at  all  manned  locations 
in  the  machinery  spaces  were  below  tlic  DUMKD  hoarinc  damace 
risk  criteria  at  all  speeds  up  to  23  knots  (and  through  26 
knots  in  the  encine  room) . These  reductions  have  increased 
the  allowable  personnel  exposure  time  at  20  knots  without 
hearine  protection  from  two  hours  to  nine  hours  in  the  fire 
room  and  from  four  hours  to  nine  hours  in  the  encine  room. 

The  post-RAV  tests  indicate  that  the  prototype  installation 
is  a feasible  approach  to  reducing  hazardous  noise  levels  in 
the  machinery  spaces  of  PP  1052  class  ships. 

In  January  1976,  airborne  noise  trials  were  conducted 
in  the  machinery  spaces  in  USS  DOWNES  (PP  1070).  The  DOV/NES 
was  constructed  in  a different  shipyard  than  ELMER  MONTGOMERY 
and  v/as  equipped  with  main  reduction  gear  and  boilers  from 
different  manufacturers.  No  other  sicnificant  differences 
in  machinery  were  identified;  however,  the  forced  draft 
blower  ducts  on  DOWNES  had  been  lagced  with  thermal  laccing 
material.  The  purpose  of  the  DOVJNES  trials  was  to  determine 
if  there  were  significant  differences  in  the  noise  environment 
due  to  differences  in  machinery  components  or  construction 
practices. 

In  the  engine  room  the  noise  levels  in  DOV/NES  were 
slightly  lower  than  in  ELMER  MONTGOMERY,  and  dominant  tones 
from  the  main  reduction  gear  were  found  at  different  frequencies 
due  to  differences  in  gear  design.  In  the  fire  room,  the 
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only  sicnif leant  differonco  fo\ind  v;as  associated  with  the 
Prairie/  Masker  coinpreoaoro.  The  vents  on  the  DOV/UES  com- 
pressors were  routed  out  of  the  fire  room  to  the  uptake 
space  and  consequently  produced  no  noise  problem.  The 
DOVJNES  trial  indicates  that  the  noise  problems  and  associated 
solutions  should  be  common  throuchout  the  1*'P  1052  class. 

Concurrent  with  the  ELMER  MONTGOMERY  prototype  Installv^- 
tion,  noise  control  treatment  was  belnc  applied  to  quiet  the 
main  reduction  cears  in  USS  SOUTH  CAROLINA  (CGN  37).  This 
installation  was  an  acoustical  enclosure  rather  than  the 
close-coupled  treatment  applied  directly  to  the  gear  caslne 
in  ELMER  MONTGOMERY.  Subsequent  tests  of  SOUTH  CAROLINA 
showed  that  the  enclosure  also  represents  a feasible  approach 
to  control  of  main  reduction  gear  noise,  and  thus  provides 
a practical  alternative  v;here  arrangements  permit  use  of  an  i 

enclosure . j 

j 

I 

On  the  basis  of  the  evaluation  of  the  prototype  instal-  j 

latlon  in  ELMER  MONTGOMERY  and  tests  conducted  aboard  USS 
DOWNES,  recommendations  for  noise  control  treatment  for  ] 

machinery  spaces  of  ships  in  the  PP  1052  class  have  been  j 

developed  and  are  provided  below.  The  prototype  treatments  , 

Installed  in  ELMER  MONTGOMERY  are  described  in  Section  II.  B 
and  C . 

I 

1.  The  main  reduction  gear,  its  foundation  and  the  | 

foundations  and  subbases  for  the  main  turbines 
should  be  treated  with  the  type  of  close-coupled 
treatment  Installed  in  USS  ELMER  MONTGOMERY  or 
enclosed  in  a manner  similar  to  the  installation 
in  USS  SOUTH  CAROLINA.  The  reduction  gear  lube 
oil  piping  should  be  either  lagged  or  enclosed. 
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2.  The  forced  draft  blower  ducta  ohould  be  acous- 
tically lacced  as  was  done  on  ELMEK  MONTGOMERY. 

3.  Both  fire  room  exhaust  fans  should  bo  relocated  in 
the  uptake  space  and  reconnected  to  existinc 
bellmouths,  usinc  acoustically  lined  ducts  includ- 
ing 90  decree  elbows  as  was  done  on  the  larcer 
exhaust  fan  in  ELMER  MONTGOMERY. 

*1.  The  fire  pump  motors  in  the  engine  room  and  fire 
rooms  should  be  provided  with  motor  silencers. 

5.  In  those  ships  where  the  Prairie/Haskor  vent 

curren’.uy  terminates  in  the  fire  room,  it  should 
be  extended  into  the  uptake  space. 

The  estimated  cost  of  these  recommended  noise  control  treat- 
ments is  approximately  $200K  per  ship  in  1976  dollars.  This 
estimate  does  not  include  the  cost  of  the  SHIPALT  to  replace 
the  brine  overboard  eductors  which  is  already  scheduled. 


5 


Bolt  Beranek  and  NeMnan  Inc 


Report  No.  3222 


1.  INTRODUCTION  AND  BACKGROUND 

As  an  Initial  step  In  the  program,  It  was  determined 
necessary  to  demonstrate  that  by  using  current  machinery  noise 
reduction  technology,  shipboard  machlneiy  room  noise  levels 

could  be  reduced  below  hearing  damage  risk  levels  without 
a costly  development  program.  A frigate  of  FF  1052  class 
was  selected  for  the  prototype  Installation  because  of  the 
large  number  of  recently  constructed  ships  In  the  class,  and 
because  the  Single  fire  room  and  engine  room  helped  to  keep 
the  cost  down. 

After  an  exchange  of  correspondence  to  define  the  scope 
of  the  prototype  program,  the  CNO  approved  the  concept  of  a 
prototype  machinery  space  noise  reduction  Installation  In  one 
ship  of  FF  1052  class  by  reference  (10).  To  reduce  the  time 
and  cost  of  the  prototype  program,  reference  (11)  submitted  a 
revised  plan  of  action  which  limited  the  scope  of  the  treats 
ment  to  the  known  major  noise  offenders  In  the  machinery  spaces, 
« the  main  reduction  gear  and  the  forced  draft  blowers.  By 
limiting  the  scope  and  Installing  noise  reduction  treatments 
during  a restricted  availability  rather  than  a regular  overhaul, 
the  overall  time  required  to  demonstrate  the  feasibility  of 
achieving  the  BUMED  hearing  damage  avoidance  criteria  In 
FF  1052  class  main  machinery  spaces  was  reduced  from  two  years 
to  one  year. 

The  approved  plan  also  Included  a noise  trial  In 
another  ship  of  the  FF  1052  class  to  determine  if  dif- 
ferences In  machinery  within  the  class  results  In  signi- 
ficant differences  In  airborne  noise  characteristics. 

Trials  of  the  second  ship  were  also  designed  to  minimize  the 
possibility  that  the  ship  receiving  the  prototype  Installation 
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I 

1 
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mlcht  be  exceptionally  noisy  6r  quiet  compared  with  other 
ships  of  the  class. 


This  report  covers  the  first  or  prototype  phase  of  tuo 
Hearinc  Conservation  Program  which  has  been  completed. 
report  describes:  the  noise  trials  which  were  conduct ou  and 

the  results  of  trial  data  analysis;  the  noise  reduction 
treatments  which  were  Installed  in  the  prototype  ship; 
prediction  of  noise  treatment  performance  based  on  labora- 
tory tests;  the  assessment  of  the  noise  reduction  achieved 
from  the  Installed  treatments;  the  differences  between  ships 
within  the  FF  1052  class  and  the  significance  thereof;  and 
conclusions  reached  from  the  prototype  installation.  Finally, 
the  report  provides  recommendations  for'FF  1052  class  improve- 
ments which  will  be  required  to  achieve  OSHA/BUMED  hearing 
damage  risk  criteria.  Recommendations  are  also  provided  for 
the  inclusion  of  other  ship  classes  in  the  Hearing  Conservation 
Program.  The  appendix  provides  a detailed  summary  of  the 
data  which  supports  the  conclusions  and  recommendations. 
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II.  PROTOTYPE  SHIP 

C0MNAV3UHKL.<\NT  iloslcnatod  USS  ELMER  MONTGOMERY  (EF 
1082)  aa  the  ahip  to  rocoivo  the  prototype  noiao  reduction 
treatment.  A restricted  availability,  for  LAMPG  installation, 
was  scheduled  for  7 July  to  28  November  during  v/hich  time 
the  noise  reduction  treatment  would  bo  installed. 

A.  Problem  Identification  Trial 

Enroutc  to  Norfolk  from  deployment,  comprehensive  diag- 
nostic airborne  noise  and  vibration  tests  were  conducted  in 
the  machinery  spaces  in  USS  ELMER  MONTGOMERY.  The  purposes 
of  these  tests  were  to  determine  baseline  noise  levels 
against  which  noise  reduction  could  be  subsequently  assessed 
as  well  as  to  determine  the  contributions  of  individual 
noise  sources  to  the  overall  noise  environment  as  a means  of 
establishing  a predictable  limit  on  noise  reduction  as  a 
function  of  the  noise  sources  treated. 

The  results  of  this  noise  trial  have  been  reported  in 
detail  in  a previous  report,  reference  (1).  The  conclusions 
drawn  from  the  test  data  are  summarized  below.  These  conclusion 
include  an  assessment  of  the  measured  noise  levels  as  they 
relate  to  the  hearing  damage  risk  criterion  established  by 
BUMED  and  OSHA  (reference  and  5)»  The  BUMED/OSHA  criterion 
establishes  maximum  allov/able  noise  levels  as  a function  of 
the  duration  of  exposure.  The  basic  criterion  allows  an 
exposure  of  up  to  eight  hours  in  a twenty-four  hour  period 
to  a noise  level  of  90  dBA. 

1.0  Engine  Room 

The  noise  levels  at  various  locations  in  the  engine 
room  expressed  in  single  number  dBA  values  at  various  ship 
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speeds  (i.e.,  shaft  RPM)  are  shown  In  Table  1.  The  noise 
data  summarised  in  Table  1 show  that  for  ship  speeds  above 
100  RPM,  approximately  13  knots,  only  one  of  the  measurement 
locations  is  below  90  dBA.  At  l60  RPM,  approximately  21 
knots,  the  90  dBA  level  was  exceeded  at  all  measurement 
locations,  with  a noise  in  excess  of  100  dBA  at  one  location. 
The  data  in  Table  1 show  a definite  relationship  between 
noise  level  and  ship  speed  at  all  measurement  locations 
Indlcatinc  that  propulsion  noise,  as  opposed  to  noise  produced 
by  auxiliary  machinery,  is  either  dominating  or  strongly 
influencing  the  noise  levels  at  all  measurement  locations. 

For  a more  detailed  analysis  of  the  noise  levels  and 
the  noise  sources,  five  measurement  locations  were  selected 
as  representative  of  locations  v/here  personnel  exposure  to 
hazardous  noise  levels  would  occur.  It  was  determined  from 
the  data  that  the  Influence  of  propulsion  noise  was  clearly 
established  at  a ship  speed  of  l60  shaft  RPM,  thus  allowing 
detailed  analytical  measurements  to  be  made  underv/ay  at  a 
reasonable  cruising  speed.  The  five  measurement  locations 
selected  were  as  follows: 

1.  Microphone  No.  1,  located  above  the  workbench  on 
the  upper  level,  port  side  near  air  conditioning 
compressor  No.  2. 

2.  Microphone  No.  2,  located  on  the  upper  level  at 
the  watch  station  between  the  evaporators. 

3.  Microphone  No.  3»  located  on  the  lower  level, 
starboard,  aft,  near  the  lube  oil  purifier. 
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k.  Microphone  No.  13»  located  on  the  lower  level  on 
the  centerline  between  the  condensate  pump  and  the 
main  circulatinc  pump  adjacent  to  the  athwartships 
walkway . 

5.  Microphone  No.  17,  located  on  the  upoer  lcvo2 
on  the  centerline  near  the  main  air  ejector  and 
adjacent  to  the  athwartships  walkway. 

One-third  octave  band  noise  levels  at  the  five  locations 
are  shown  in  Figures  1 through  5.  Each  figure  shows  two  sets 
of  noise  levels.  The  lower  set  on  each  figure  represents 
the  composite  noise  level  at  each  location  of  auxiliary  (non- 
propulsion) machinery  as  measured  dockside,  and  represents 
the  non-propulsion  noise  baseline.  The  upper  set  shows  the 
noise  level  measured  underway  at  160  shaft  RPM  and  represents 
the  total  underway'  noise  environment  Including  the  contribution 
of  propulsion  noise  at  each  location.  The  equivalent  A-weighted 
« levels  are  shown  on  the  scale  at  the  right  side  of  each  figure. 
Prom  the  figures  it  can  be  seen  that  the  propulsion  noise  is 
concentrated  in  the  500  through  2500  hertz  bands.  (It  should 
be  noted  that  A-weighted  measurements  are  Influenced  most 
heavily  by  noise  at  frequencies  above  500  hertz.) 

As  can  be  seen  from  Figures  1 through  5»  the  propulsion 
noise  is  characterized  by  three  distinct  peaks.  These  peaks 
are  caused  by  tones  generated  in  the  main  reduction  gear.  The 
tone  in  the  500  hertz  band  is  attributed  to  the  attached  lube 
oil  pump  gear  mesh,  the  tone  in  the  800  hertz  band  is  the 
second  reduction  gear  mesh  (bull  gear  mesh),  and  the  tone  in 
the  2500  hertz  band  is  attributed  to  undulations  in  the  first 
reduction  gear. 
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By  rcferrlnc  to  the  equivalent  dBA  levels  displayed  on 
the  rlcht  side  of  the  ficures,  the  relative  influence  of  pro- 
pulsion noise  at  these  locations  can  be  deduced  by  notlnc  the 
Increase  in  the  A-weichted  level  from  the  non-propulsion  baseline 
A-weighted  level.  This  difference  in  the  dBA  level  also 
represents  the  maximum  noise  reduction  which  can  be  achieved 
by  reducing  only  the  propulsion  noise. 

The  data  from  Figures  1 through  5 suggest  that  if  it 
is  feasible  to  reduce  propulsion  noise  sufficiently,  90  dBA 
can  be  achieved  at  all  five  locations  since  the  non-propulsion 
baseline  noise  levels  are  below  90  dBA.  Such  feasibility  seems 
reasonable  at' measurement  locations  1 and  2;  however,  at  the 
other  locations  it  docs  not  appear  feasible  to  achieve  the 
90  dBA  level  by  reduction  of  propulsion  noise  only.  At  measure- 
ment location  No.  3*  the  non-propulsion  baseline  level  is  89  dBA 
which  means  that  noise  reduction  in  excess  of  25  dB  would  be 
required  to  completely  eliminate  the  influence  of  propulsion 
noise.  Accomplishment  of  such  reduction  is  very  improbable  in 
a backfit.  A similar  condition  exists  at  measurement  location 
No.  13,  and  to  a lesser  degree  at  location  No.  17.  It  is 
necessary,  therefore,  to  reduce  auxiliary  machinery  noise  in 
conjunction  with  reduction  of  propulsion  noise  to  achieve  90  dBA 
at  measurement  locations  3,  13  and  17. 

Results  of  diagnostic  tests  conducted  dockside  with 
individual  auxiliaries  operating  alone  provided  insight  into 
the  sources  of  the  non-propulsion  baseline  noise.  Prom  these 
tests  it  wad  determined  that  the  non-propulsion  baseline  noise 
level  at  measurement  location  No.  3 is  dominated  by  noise 
generated  by  the  distilling  plants,  primarily  the  brine  over- 
board eductors  and  their  associated  discharge  piping.  The 
non-propulsion  baseline  at  measurement  location  No.  13  is  the 
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result  of  nearly  equal  contrl-butlonu  from  fire  pump  No.  3 and 
the  main  condensate  pumps.  At  measurement  location  No.  17,  the 
non-propulslon  baseline  Is  governed  primarily  by  the  main  air 
ejector,  particularly  at  higher  frequencies. 

2.0  Fire  Room 

Table  2 shows  the  measured  noise  levels  at  various 
locations  In  the  fire  room  expressed  In  single  number  dBA 
values  as  a function  of  ships  speed  expressed  In  shaft  RPM. 
(NOTE:  The  data  at  80,  100,  120,  M and  220  RPM  were  taken 
with  hand-held  Instruments.  There  was  Insufficient  time 
available  to  repeat  these  measurements  after  the  fixed 
Instrumentation  wis  transferred  from  the  engine  room  to  the 
fire  room;  therefore,  the  160,  180  and  200  RPM  data  is 
considered  more  reliable  since  these  runs  were  repeated  with 
the  fixed  Instrumentation  system. ) As  was  the  case  in  the 
engine  room,  the  noise  levels  at  every  measurement  location 
show  a speed  dependence.  This  relationship  Is  clearly 
established  upon  reaching  a speed  of  160  RPM,  by  which  time 
the  noise  levels  at  all  but  three  of  the  locations  have 
exceeded  !*/  > dBA  criteria. 

The  I!,  '/c  s'. «;nlflcant  change  In  machinery  condition  as  a 
function  oj.  '^...od  occurs  with  the  changing  demand  on  the 
forced  draft  blowers  (i.e.,  blower  speed  Increases  with 
Increases  In  ship  speed).  Therefore,  the  generally  higher 
noise  levels  on  the  upper  and  second  deck  levels  tend  to 
reflect  the. dominance  of  forced  draft  blower  noise  because 
of  the  proximity  of  the  forced  draft  blower  ducts.  The 
noise  levels  at  locations  on  the  lower  level  of  the  fire 
room  tend  to  be  lower  because  they  are  further  removed  from 
the  forced  draft  blower  ducts  and  are  dominated  by  sources 
having  less  speed  dependence. 


USS  ELMER  MONTGOMERY  PRE-RAV  NOISE  TRIALS 
FIRE  ROOM  NOISE  LEVELS  IN  dBA 
(WITHOUT  TREATMENT) 
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Five  repreoentative  locations  have  boon  selected  for 
more  detailed  analysis.  One-third  octave  band  levels  taken 
at  these  locations  at  180  shaft  RPM  arc  shown  In  Plcures  6 
through  10.  The  five  locations  are  described  as  follows: 

a.  Microphone  No.  8lA,  was  located  on  the  lower 
level,  starboard  of  the  centerline  between  the 
boilers. 

b.  Microphone  No.  104,  located  on  the  lower  level, 
aft  port  corner,  near  fire  pump  No.  2. 

c.  Microphone  No.  155,  located  on  the  upper  deck,  aft 
port  corner,  over  the  workbench  adjacent  to  the 
control  station. 

d.  Microphone  No.  157,  located  on  the  upper  level,  on 
the  centerline  between  the  boilers. 

e.  Microphone  No.  201,  located  on  the  second  deck 
level,  on  the  centerline  between  the  boilers. 

These  locations  were  considered  representative  of  those 
frequently  or  continuously  manned  stations. 

Dockside  cycling  of  machinery  In  the  fire  room  was 
somewhat  limited  In  that  steam  driven  machinery  could  not  be 
measured  Independently.  However,  cycling  of  motor  driven 
auxiliaries- demonstrated  that  the  ventilation  system  was  a 
significant  contributor  to  the  overall  noise  levels  at  some 
locations.  Therefore,  the  noise  levels  of  the  vent  system 
at  the  five  measurement  locations  are  shown  as  the  lower  set 
of  values  on  Figures  6 through  10.  Referring  to  Figure  10, 

It  can  be  seen  that  the  vent  system,  operating  alone,  produces 
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FIGURE  7:  USS  ELMER  MONTGOMERY  PRE-RAV  NOISE  TRIALS  MEASUREMENT 

LOCATION  NO.  104  IN  FIRE  ROOM 


FIGURE  8:  USS  ELMER  MONTGOMERY  PRE-RAV  NOISE  TRIALS  MEASUREMENT 

LOCATION  NO.  155  IN  FIRE  ROOM 
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levels  as  hich  as  97  dDA.  Cycllnc  of  individual  vent  fann 
indicated  that  the  dominant  sources  of  vent  noise  were  the 
two  exhaust  fans  located  Just  above  the  fire  room  dcckhoad 
in  the  uptake  space.  These  exhaust  fan  openings  also  provide 
an  airborne  flankinc  path  for  noise  from  tkc  forced  draft 
blower  Intakes  in  the  uptake  space.  Since  the  vert  exhaust 
fans  alone  cause  excesses  above  the  90  dDA  criterion,  it  is 
clear  that  this  noise  must  be  reduced. 

The  ncisc  produced  by  the  forced  draft  blowers  is 
characterized  by  tones  occurring  at  blade  passage  rates. 

These  tones  shift  in  frequency  as  a function  of  blower 
speed.  At  normal  blower  operating  speeds,  the  tones  appear 
at  frequencies  above  1000  hertz  which  is  the  region  of  the 
spectrum  which  roost  heavily  influences  the  A-weighted  levels. 
Referring  again  to  Figures  6 through  10,  the  blower  tones 
can  be  observed  in  the  2000,  ^000  or  5000  hertz  bands  at 
each  of  the  five  locations.  It  can  also  oc  observed  that 
the  tones  are  a significant,  and  in  some  cases,  the  dominant 
contributor  to  the  overall  noise  level.  It  is,  therefore, 
apparent  that  reduction  of  the  forced  draft  blower  noise 
should  produce  a significant  Improvement  in  the  overall 
noise  levels  in  the  fire  room. 

3.0  Auxiliary  Machinery  Rooms 

Underway  and  dockside  measurement  were  conducted  in 
AMR  No.  1 and  No.  2.  Underway  measurements  in  AMR  No.  1 
with  normal  machinery  lineups  Indicate  that  the  noise  levels, 
while  uncomfortably  high,  are  not  hazardous.  The  highest 
continuous  noise  levels  measured  were  91  dBA  within  three 
feet  of  a turbo-generator,  a location  not  continuously 
occupied.  Operation  of  the  fin  stabilizers  produced  periodic 
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incrcaaco  In  tnc  noloe  lavcl  which  wore  noticeable  but  not 
hazardous,  in  view  of  the  transient  nature  of  the  noise 
produced. 

AMR  No.  2 Is  a partitioned  space  with  the  watchstatlon 
isolated  from  the  machinery.  Normal  machinery  lineups  did 
not  produce  hazardous  noise  levels.  When  the  eroercency 
diesel  ecncrutor  Is  in  operation,  hazardous  noise  levels  arc 
generated  which  arc  well  In  excess  of  90  dDA.  The  diesel 
generator  Is,  however,  tightly  partitioned  from  the  rest  of 
the  AMR,  and  when  the  partition  door  Is  tightly  closed,  the 
hazardous  noise  Is  confined  to  the  diesel  compartment. 
Consequently,  no  additional  noise  reduction  Is  required  from 
a hearing  damage  standpoint.  Hearing  protectors  are  required, 
however,  when  the  diesel  compartment  Is  entered  while  the 
diesel  Is  In  operation.  The  diesel  compartment  Is  not 
continuously  occupied  while  the  diesel  is  operating. 

B.  Selection  and  Design  of  Noise  Reduction  Treatment 

The  range  of  alternatives  available  for  noise  reduction 
treatment  for  ELt-lER  MONTGOMERY  were  limited  by  the  ’’rather 
strenuous”  time  constraints.  Lead  time  required  for  ordering 
materials  which  would  be  compatible  with  the  RAV  schedule 
became  a major  consideration.  A close-coupled  treatment  for 
the  main  reduction  gear,  that  would  consist  of  a composite  of 
damping.  Isolation  and  mass  loss  materials  applied  directly 
to  the  gear  casing,  was  suggested  during  the  planning  phase 
of  the  program  as  a potential  alternative.  Several  applica- 
tions of  such  treatment  had  been  accomplished  previously  by 
NAVSEC  and  NSRDC  personnel  (reference  3)»  but  a shipyard  Instal 
latlon  and  a definitive  performance  evaluation  of  this  type  of 
treatment  had  not  been  attempted.  An  acoustic  enclosure 


27 


uwifc  wciaiicfi  aMU  <iic* 


Mt|iurk  HU*  iCti. 


represented  a .potential  alternative,  the  performance  of  which 
could  be  reasonably  predicted  based  on  previous  application 
of  enclosures  to  reduce  noise  from  main  reduction  c^ars  and 
other  types  of  machinery  (reference  7 and  8).  Therefore, 
the  selection  of  a close-coupled  treatment  for  application  to 
the  main  reduction  gear  provided  the  opportunity  to  definitively 
evaluate  a shipyard-installed  close-coupled  treatment. 

In  the  design  of  the  close-coupled  treatment  for  the 
main  reduction  gear,  several  alternative  materials  were 
available  for  consideration.  Also,  an  additional  constraint 
was  placed  on  this  Installation  over  those  previously  installed 
In  that  a steel  cover  over  the  basic  treatment  was  deemed 
necessary  for  safety  reasons*  Therefore,  laboratory  experi- 
ments were  conducted  to  test  the  relative  effectiveness  of 
alternative  damping  methods,  absorption  materials  and  the 
Impact  of  the  steel  cover  on  the  overall  treatment  effectiveness. 

The  results  of  the  tests,  which  are  described  In  Section 
II. P,  showed  that  damping  tile  was  superior  to  chromated 
felt  and  spectum  plate,  and  that  fiberglass  performed  better 
than  acoustical  closed  cell  foam  material.  The  tests  also 
indicated  that  the  steel  cover  could  reduce  the  treatment 
effectiveness,  but  this  reduction  could  be  minimized  by 
careful  Isolation  attachment  of  the  cover. 

The  basic  configuration  of  the  selected  treatment  for 
the  main  reduction  gear.  Its  foundation  and  main  engine 
foundations,  consisted  of  damping  tile  to  be  applied  directly 
to  the  gear  casing  and  foundation  surfaces,  overlaid  with  a ! 

fiberglass  blanket  followed  by  a layer  of  limp  mass  lead  vinyl.  i 

This  composite  would  be  covered  by  l6-gaugo  steel  attached 
with  resilient  studs.  A sketch  of  the  cx*oss-sectlon  of  the 
selected  close-coupled  treatment  Is  shown  in  Figure  11.  At 
locations  where  the  possibility  of  oil  contamination  existed, 

the  fiberglass  would  be  enclosed  In  an  impervious  bag  of  j 

i 

! 

1 
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FIGURE  11:  CROSS  SECTION-  OF  CLOSE-COUPLED  TREATMENT  SELECTED 

FOR  THE  MAIN  REDUCTION  GEAR  AND  FOUNDATIONS 
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2>mll.  thick  Mylar  film.  Thlo  basic  conflcuratlon,  accompanied 
oy  enclnecrlnc  detail  sketches,  were  used  by  the  shipyard  to 
develop  Installation  design  drawings.  The  basic  close-coupled 
treatment  would  be  augmented  where  necessary  by  soft  patches 
and  acoustical  panels  In  those  areas  where  Installation  of  the 
close-coupled  treatment  was  impractical  or  undesirable  from  a 
maintenance  or  access  standpoint. 

The  forced  draft  blower  ducts  required  a somewhat  different 
solution  In  that  the  noise  generating  mechanism  was  different 
from  that  of  the  main  reduction  gear.  The  forced  draft  blower 
noise  In  the  fire  room  essentially  results  from  airborne  noise 
Inside  the  duct  being  transmitted  through  the  duct  walls.  There- 
fore, an  acoustical  lagging  for  the  ducts  which  would  Increase 
the  transmission  loss  of  the  duct  wall  was  determined  to  be  the 
appropriate  solution.  The  materials  selected  for  the  lagging 
based  on  performance  and  availability  were  a fiberglass  blanket 
covered  with  a steel  sheath.  Soft  patches  of  lead  vinyl  would 
be  used  to  cover  expansion  Joints  and  dampers  where  the  use  of 
a steel  sheath  would  be  Impractical.  Details  of  this  treatment 
are  shown  In  Figure  12.  Again,  engineering  sketches  were  pro- 
vided to  the  shipyard  for  guidance  In  developing  Installation 
detail  drawings. 

The  ventilation  system  noise  in  the  fire  room  required  a 
third  type  of  noise  control  solution  in  that  the  noise  contri- 
buted to  the  fire  room  was  by  an  airborne  path  from  the  exhaust 
fan  openings.  A circular,  louvered  acoustical  baffle  or  inverted 
top-hat  was  first  considered  as  the  simplest  form  of  treatment; 
however,  a ship  check  indicated  that  sufficient  clearnace  from 
obstructions  was  not  available.  On  the  smaller,  less  noisy  fan 
sufficient  clearance  was  available  for  a simple  flat  baffle,  as 
shown  in  Figure  13,  and  this  approach  was  selected  in  the  interest 
of  economy.  On  the  larger  fan  there  was  less  clearance  and  the 
noise  reduction  of  a simple  baffle  was  considered  Inadequate. 
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It  was,  Uhorefoi'o,  dotormincd  that  the*  exhaust  fan  should  be  re- 
located in  the  uptake  space  and  reconnected  to  the  fire  room  open- 
ing with  acoustically  lined  ductwork.  This  ductwork  included  a 
straight  six  foot  flanged  section  which  could  be  replaced  with 
a duct  silencer  if  tests  determined  the  need  for  additional  noise 
reduction.  Details  of  the  large  vent  fan  treatments  are  shown 
in  Figure  I'l . 

Since  the  noise  data  taken  during  the  tests  of  the  Prairie/ 
Masker  system  were  determined  to  be  not  representative  of  a 
properly  functioning  system,  valid  noise  data  were  not  available 
to  develop  no'ise  control  treatment.  Therefore,  design  of  noise 
reduction  treatment  for  this  system  was  deferred  pending  further 
tests  on  a properly  functioning  system.  It  was  determined,  how- 
ever, that  control  of  the  noise  from  compressor  venting  during 
warmup  would  be  a necessary  part  of  the  noise  reduction  treatment 
for  ships  in  which  the  vent  terminated  in  the  fire  room. 

C.  RAV  Work  Description 

1.0  Engine  Room 

In  the  engine  room  noise  control  treatment  was  limited  to 
the  main  reduction  gear,  its  foundation  and  the  turbine  founda- 
tions. The  free  surfaces  of  the  main  reduction  gear  casing  and 
the  foundations  were  covered  with  the  close-coupled  composite 
treatment  as  shown  in  Figure  11.  Essentially  complete  enclosure 
of  the  gear  casing  was  achieved,  with  soft  patches  over  flanges 
and  fittings  not  covered  by  the  basic  treatment.  The  soft 
patches,  which  consisted  of  two  layers  of  lead  loaded  vinyl  filled 
with  fiberglass,  were  installed  to  be  removable  for  maintenance 
access.  Inspection  ports  on  the  gear  were  provided  with  covers 
constructed  with  l6-gauge  steel,  lined  with  fiberglass  which 
was  held  in  place  by  perforated  aluminum.  The  covers  were  held 
in  place  with  latches  for  maintenance  removal.  In  areas  where 
the  fiberglass  v/ould  be  exposed  to  oil  contamination,  the  fiber- 
glass was  enclosed  in  Mylar  film. 
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The  lower  foundation  area  was  completely  enclosed  by 
the  treatment.  Tlie  close-coupled  treatment  was  installed  on 
all  outer  surfaces.  Gaps  between  the  turbine  foundation 
pedestals  and  the  main  condenser  wore  closed  with  removable 
acoustical  panels.  Inspection  and  access  ports  were  covered 
with  removable  acoustic  covers.  The  extent  and  location  of 
the  noise  reduction  treatment  are  shown  in  Ficurc  15. 

External  lube  oil  piping  for  the  main  reduction  was  to  have 
been  lagged;  -however,  this  work  was  not  completed  during  the 
RAV.  A very  few  closures  in  the  gear  case  treatment  (i.e.,  soft 
patches)  were  either  left  off  or  not  completed  at  the  end  of  the 
RAV.  While  these  deficiencies  are  minor  from  a work  completion 
standpoint  and  are  probably  the  result  of  a tradesman's  un- 
famlliarlty  with  material,  they  can  be  significant  from  an 
acoustical  standpoint,  particularly  in  the  case  of  the  lube  oil 
piping  upon  which  high  vibration  levels  were  measured. 

2.0  Fire  Room 

The  noise  reduction  work  in  the  fire  room  included  the 
acoustical  lagging  of  the  forced  draft  and  lighting-off 
blower  ducts  and  treatment  of  the  ventilation  exhaust  fans. 

The  foreced  draft  blower  duct  lagging  consisted  of  a ^-In. 
layer  of  fiberglass  blanket  covered  with',  and  compressed  to 
a nominal  3-in.  thickness  by  a l6-gauge  steel  sheath.  The 
entire  area,  excluding  expansion  joints  and  damper  sections, 
of  the  four  forced  draft  blower  ducts  and  associated  lighting- 
off  blower  ducts  was  lagged  with  this  treatment.  Expansion 
Joints  were  enclosed  by  a flexible  boot  of  .lead-loaded  vinyl. 

Duct  dampers  were  also  covered  with  the  flexible  lead-loaded 
vinyl  boot  so  that  the  entire  duct  areas  from  overhead  to  boiler 
were  covered,  except  for  a small  gap  at  the  overhead.  Many  of 
thes-'  boots  were  not  properly  sealed  at  the  end  of  the  RAV,  again 
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FIGURE  15:  NOISE  REDUCTION  TREATMENT  ON  MAIN  REDUCTION 

GEAR  AND  GEAR  AND  TURBINE  FOUNDATIONS 
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probably  duo  to  tradesman's  lack  of  familiarity  with  the 
material,  which  resulted  in  noticeable  noise  leaks  around 
the  boots. 

On  the  smaller  of  the  two  vent  exhaust  fans,  a flat 
circular  baffle,  covered  on  the  upper  side  by  fiberclass 
under  perforated  aluminum,  was  hunc  below  the  bellmouth. 

This  baffle  was  a sieniflcant  compromise  of  the  design 
originally  proposed.  The  original  design  was  intended  to 
block  linc-of-sight  paths  from  the  bellmouth.  The  com- 
promise was  necessary  due  to  limited  clearance  in  the 
vicinity  of  the  fan  bellmouth,  and  other  alternative 
solutions  would  have  been  more  costly.  The  design  was 
further  compromised  by  rather  large  cutouts  required  for 
piping  clearances. 

The  clearance  around  the  bellmouth  of  the  larger  fan 
ruled  out  entirely  the  possibility  of  an  acoustical  baffle.  It 
was  necessary,  therefore,  to  relocate  this  fan  within  the  uptake 
space.  The  fan  was  remounted  horizontally  approximately  six 
feet  athwartshlps  to  port  from  its  original  position.  The 
fan  was  then  recon.nected  to  the  original  opening  using  an  acous- 
tically lined  duct  and  a 90-degree  elbow.  A straight  three- 
foot  long  flanged  section  was  included  in  the  duct  which 
could  be  replaced  at  a later  date  with  a duct  silencer  if 
additional  noise  reduction  proved  to  be  needed.  This  treat- 
ment of  the  large  fan  was  by  far  the  more  superior  of  the 
two  fan  treatments. 

D.  Post  RAV  Noise  Trial  Description 

Noise  reduction  evaluation  trials  were  conducted  in  USS 
ELMER  MONTGOMERY  (FF  1082)  subsequent  to  its  departure  from 
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tho  Ghipyard  durlnc  the  period  28  November  through  7 December 
197!5.  Tho  tri.alG  wcrij  dcGicncd  bo  mcacurc  the  performance  of 
the  prototype  noise  reduction  treatments  installed  durinc  the 
restricted  availability  (RaV).  This  objective  v;ould  bo  accom- 
plished by  comparinc  noise  measurements  with  the  treatments 
installed  with  comparable  measurements  conducted  prior  to  the 
RAV. 


The  results  of  noise  measurements  taken  in  tho  engine 
room  and  fire  room  with  the  noise  reduction  treatments 
Installed  are  described  below  and  compared  to  noise  measure- 
ments taken  prior  to  the  installation  of  the  treatments. 

1.0  Engine  Room 

Measurement  locations  used  in  the  pro-RAV  noise  trial 
were  selected  which  would  be  representative  of  the  distribu- 
tion of  noise  levels  within  the  space  and  v^ould  also  reflect 
' the  improvement  in  noise  levels  resulting  from  the  noise 
reduction  treatment.  Table  3 shov;s  noise  levels  at  nine 
measurement  locations  as  single  number  dBA  values  as  a 
function  of  ship  speed  expressed  in  shaft  RPM.  Due  to  the 
need  to  share  operating  time  with  other  test  activities  not 
associated  with  noise  reduction,  tht-  measurements  taken 
during  the  post  RAV  trial  below  l60  RPM  were  not  taken  at 
the  same  speeds  as  the  pre-RAV  measurements;  however,  measure- 
ments were  taken  at  more  speed  increments  and  the  levels 
shown  in  Table  3 are  considered  to  be  reasonably  indicative 
of  the  noise  levels  at  the  speeds  shown.  For  comparison 
purposes,  the  baseline  levels  representative  of  the  noise 
produced  by  tho  non-propulsion  auxiliaries  are  also  shown  in 
the  table.  Prom  Table  3 it  can  be  seen  that  noise  levels  at  the 
two  manned  locations  v/ere  below  the  90  dBA  BUMED  105HA 
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criteria  at  all  speeda  throuch  200  RPM,  or  approximately 
26  knots.  One  of  the  manned  locations  remained  below  90  dDA 
throuebout  the  apcod  ranco. 

After  the  treatment  waa  installed  the  noise  levels  were 
within  2 dB  of  the  non-propulsion  baseline  levels  up  ti  a 
speed  of  l^JO  shaft  RPM  or  approximately  I8  knots  except  at 
locations  No.  3 and  No.  1^1,  both  of  which  were  located 
within  three  feet  of  the  main  reduction  gear.  At  1^0  RPM 
only  four  locations  exceeded  the  90  dBA  eight  hour  criteria 
and  the  largest  excess  was  2 dB.  Of  the  four  locations 
exceeding  90  dBA  at  I8  knots,  one  is  n*.  higher  than  the  non- 
propulsion  machinery  baseline  level  at  that  location. 

In  Figures  16  and  l'(  the  A-weighted  levels  measured 
before  and  after  the  treatment  was  Installed  are  plotted  as 
a function  of  speed  for  the  two  manned  locations.  The  dif- 
ference in  levels  represents  the  noise  reduction  achieved  at 
those  two  locations  with  the  noise  reduction  treatment. 

Figure  16  shows  that  the  influence  of  propulsion  noise  has 
been  significantly  reduced  at  location  No.  1.  At  location 
No.  2,  Figure  17,  the  noise  level  is  essentially  independent 
of  propulsion  noise  at  speeds  below  20  knots. 

One-third  octave  band  levels,  measured  at  I60  shaft  RPM 
or  approximately  21  knots  both  before  and  after  the  treatment 
was  installed,  are  shown  in  Figures  16  through  22.  By 
inspection  of  these  figures  at  locations  clearly  dominated 
by  the  gear  tones,  such  as  measurement  location  No.  3,  a 
reasonable  measure  of  the  treatment  performance  can  be 
Judged  by  the  reductions  achieved  at  these  tone  frequencies. 
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FIGURE  17:  COMPARISON  OF  NOISE  LEVELS  BEFORE  AND  AFTER 

TREATMENT  AT  LOCATION  NO.  2 IN  THE  ENGINE  ROOM 


IGURE  18:  COMPARISON  OF  PRE-ANO  POST-RAV  NOISE  TRIALS 

MEASUREMENT  LOCATION  NO.  2 IN  ENGINE  ROOM 
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PlCVJre  20,  ahowing  tlic  levels  at  this  location  indicates 
that  reductiona  at  tone  frequencies  are  on  the  order  of 
eight  to  ten  decibels. 

The  gear  tone  which  appears  in  the  2500  hertz  band  at 
l60  shaft  RPM  has  been  identified  as  being  generated  by 
undulations  in  the  first  reduction  gear.  Those  undulations 
arc  the  result  of  manufacturing  procedures.  This  tone  has 
been  noted  in  the  underwater  spectra  of  other  ships  in  the 
PF  1052  class  equipped  with  the  Lame  type  reduction  gear. 

This  tone  appears  to  peak  in  amplitude  at  I60  shaft  RPM, 
where  its  frequency  is  near  2500  hertz  and  its  amplitude  is 
greater  than  that  of  the  second  reduction  mesh  tone.  It  is 
usually  expected  in  double  reduction  gears  of  this  type  that 
the  second  reduction  gear  mesh  will  produce  the  strongest 
tone  in  the  airborne  noise  spectrum.  Observing  the  A- 
welghted  levels  for  measurement  location  No.  3 in  Table  3, 
it  can  be  seen  that  there  is  also  a peak  in  the  dBA  level  at 
160  shaft  RPM  which  is  attributable  to  the  peaking  of  the 
first  reduction  undulation  tone. 

2.0  Fire  Room 

In  the  fire  room,  measurement  locations  were  also 
replicated  in  the  post-RAV  tests  that  were  used  in  tests 
conducted  before  the  treatment  was  installed.  A summary  of 
the  post-RAV  noise  levels  expressed  in  dBA  values  as  a 
function  of  ship  speed  expressed  in  shaft  RPM  are  tabulated 
in  Table  . Since  the  noise  levels  measured  at  I60  RPM  were 
all  90  dBA  or  below,  it  was  considered  unnecessary  to  collect 
data  for  all  of  the  speed  increments  below  160  RPM.  There- 
fore, data  were  taken  at  a speed  of  120  RPM  as  a spot  check 


FIGURE  19:  COMPARISON  OF  PRE-AND  POST-RAV  NOISE  TRIALS 

MEASUREMENT  LOCATION  NO.  2 IN  ENGINE  ROOM 
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FIGURE  20:  COMPARISON  OF  PRE-AND  POST-RAV  NOISE  TRIALS 

MEASUREMENT  LOCATION  NO.  3 IN  ENGINE  ROOM 


FIGURE  21:  COMPARISON  OF  PRE-AND  POST-RAV  NOISE  TRIALS 

MEASUREMENT  LOCATION  NO.  13  IN  ENGINE  ROOM 
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of  the  c.xpcctecl  data  trend  below  1C»0  HPM.  All  ineaaureincnlo 
at  1»?0  Hl'M  were  tlie  aaino  or  lov;er  than  the  level r.  at  iCo  HPM, 
as  would  be  expected. 

Prom  Table  ^1,  it  can  be  seen  that  noise  levels  measured 
with  tlic  treatments  installed,  wore  at  or  below  the*  9h  dBA 
criteria  at  iCO  sliaft  HPM  or  approximately  ?1  knots.  This 
compares  to  levels  as  hlr.h  as  99  dBA  whlcli  were  measured 
before  the  RAV.  At  POO  shaft  RPM,  or  approximately  knots, 
more  than  half  tlic  measurement  locations  remained  below 
90  dBA,  with  the  hlchest  level  reachinc  only  93  dBA.  This 
compares  with  levels  as  hlch  as  103  dBA  before  the  RAV,  with 
all  measurement  locations  exceedlnc  the  90  dBA  criteria. 

Table  <1  show.s  that  noise  levels  at  manned  locations  are 
below  the  90  dBA  criterion  at  speeds  up  to  180  RPM,  or  approxi- 
mately 23  knots.  At  the  tvio  workbench  locations,  noise  levels 
are  below  the  criteria  at  all  speeds  up  throuGh  200  RPM  or 
approximately  26  knots. 

In  PiGures  23  and  2^1  the  A-weichted  noise  levels  measured 
before  and  after  the  treatments  were  installed  are  plotted  as 
a function  of  speed  for  two  of  the  manned  locations.  The 
noise  reduction  achieved  at  those  locations  is  deplcx^cd  by 
the  difference  in  the  measured  levels.  It  can  be  seen  from 
the  two  ficures  that  the  noise  reduction  achieved  at  location 
155,  Pierre  2^1,  is  much  ci’cater  due  to  its  closer  proximity 
to  the  treated  forced  draft  blower  ducts  and  vent  fans. 

Comparison  of  one-third  octave  band  levels  measured  at 
l80  shaft  RPM,  or  approximately  23  knots,  before  and  after 
the  treatments  were  installed  are  shown  for  five  represen- 
tative locations  in  PlGures  25  throuGh  29.  These  ficures 
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FIGURE  26:  COMPARISON  OF  PRE-AND  POST-RAV  NOISE  TRIA 

MEASUREMENT  LOCATION  NO.  104  IN  FIRE  ROOM 
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FIGURE  27:  COMPARISON  OF  PRE-AND  POST-RAV  NOISE  TRIALS 

MEASUREMENT  LOCATION  NO.  155  IN  FIRE  ROOM 


FIGURE  28:  COMPARISON  OF  PRE-ANO  POST-PJW  NOISE  TRIALS 
MEASUREMENT  LOCATION  fJO.  157  IN  FIRE  ROOM 


FIGURE  29:  COMPARISOM  OF  PRE-AMD  POST-RAV  NOISE  TRIALS 
MEASUREMENT  LOCATION  NO.  201  IN  FIRE  ROOM 
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tihow  that  the  forced  draft  blower  tonoo,  while  substantially 
reduced,  are  still  slcnlflcant  contrlbuloj’o  to  the  A-woit;htod 
noise  levels.  This  succests  that  completion  of  the  finish 
work  on  the  flexible  boots  on  the  forced  draft  blower  ducts 
should  Improve  the  overall  performance  of  this  treatment  and 
further  reduce  the  exlstlnc  levels. 

Durinc  the  RAV,  ship’s  force  performed  maintenance  on 
the  Pralrie/Masker  emission  systems.  Therefore,  tests  were 
conducted  underway  to  determine  if  a properly  functioninc 
system  produced  excessive  noise  levels.  Since  the  Inboard 
vent  was  not  altered  durinc  the  RAV,  the  severe  noise  problem 
durinc  compressor  warmup  still  remains.  Durinc  the  underway 
tests,  the  emission  systems  would  not  absorb  the  output  of 
both  compressors  with  the  inboard  vent  closed,  thus  the 
compressors  would  overspeed.  It  was,  therefore,  necessary 
to  test  the  compressors  by  running  them  one  at  a time. 

Durinc  the  operation  of  each  compressor,  noise  levels 
increased  to  91  dBA  in  the  immediate  vicinity  of  the  com- 
pressor. One  compressor  was  somewhat  noisier  than  the  other 
which  portable  measurements  attributed  to  the  fact  that  the 
air  discharge  piping  on  one  compressor  is  lagged  and  the 
other  is  not.  Since  continuous  manning  of  the  compressors 
is  not  required,  they  are  not  considered  a noise  problem 
when  functioning  properly.  The  inboard  venting  during 
warmup  is  still  a serious  hazard,  however. 

Figure  30  compares  one-third  octave  and  dBA  levels  of 
ventilation  system  noise  before  and  after  the  vent  exhaust 
fan  treatment  was  installed.  The  levels  were  measured 
dockside  with  only  the  vent  system  operating.  The  measure- 
ment location  was  the  second  deck  level  athwartships  catwalk 


FIGURE  30:  COMPARISON  OF  VENT  SYSTEM  NOISE  BEFORE  AND 
AFTER  NOISE  REDUCTION  TREATt-'iENT 
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bctv/ccn  the  boilers  on  the  centerline,  tlje  location  most 
seriously  affected  by  the  exhaust  fan  noise.  The  fleur'o 
shov/s  that  exhaust  fan  noise  has  been  reduced  from  9Y  dUA  to 
83  dI3A. 

E.  Assessment  of  Noise  Reduction  Achieved 

While  the  discussion  above  described  the  results  of  the 
post-RAV  trial  in  terms  of  noise  levels  achieved  from  the 
installation  of  the  noise  reduction  treatment,  it  is  also 
necessary  to  assess  those  results  in  terms  of  the  reduction 
in  hearinc  damacc  risk.  The  adequacy  of  the  noise  reduction 
achieved  must  also  bo  Judged  as  a basis  for  determining  the 
need  for  more  or  loss  noise  reduction.  In  order  to  make 
this  assessment,  the  BUMED/OSHA  hearing  damage  risk  criteria 
must  be  referred  to  in  more  detail  than  the  single  member 
90  dBA  criterion. 

The  objective  of  the  BUMED/OSHA  criteria  is  to  limit 
exposure  of  personnel  to  potentially  hazardous  noise  levels 
such  that  hearing  loss  does  not  occur.  Actually  the  achieve- 
ment of  that  objective  is  somewhat  complicated  because  the 
physiological  impact  of  exposure  to  a given  noise  level  is 
not  the  same  for  all  individuals  (reference  6).  Therefore, 
the  established  criterion  has  been  set  on  the  basis  that  the 
probability  of  hearing  loss  for  an  individual  v;ill  be  accept- 
ably low.  Th;ls  is  the  basis  for  the  current  limit  of  90  dBA 
for  eight  hours  exposure  in  a tvjenty-four  hour  period.  In 
addition,  the  criterion  states  that  for  each  5 dB  increase 
in  noise  level,  the  allov/able  exposure  is  halved,  (e.g.. 

The  allov/able  exposure  time  to  a noise  level  of  95  dBA  is 
four  hours  in  a twenty-four  hour  period.) 
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There  is  continulnc  debate  amonc  covurnnient  and  industry 
croups  conccrninc  the  adequacy  of  protection  to  individuals 
provided  by  the  current  criterion  (reference  6).  The  Environ- 
mental frotcction  Acency  (EPA)  is  advocatinc  a reduction  in 
the  eicht  hour  exposure  to  85  dBA  '^ud  a reduction  to  3 dB 
(versus  5 dB)  in  the  doubTinc  factor.  It  is  impossible  to 
predict  the  outcome  of  this  debate,  but  the  possibility 
exists  of  lower  criteria  at  some  future  time. 

As  a basis  for  aswcssinc  the  adequacy  of  the  noise 
reduction  achieved,  a nominal  workday  in  Navy  ships  under- 
way must  be  examined.  The  nominal  workday  includes  two- 
four  hour  watches  and  additional  maintenance  duties  in  the 
assigned  division.  While  on  watch,  personnel  typically  spend 
three-fourths  of  the  time  at  established  watch  stations  and 
one-fourth  of  the  time  readlnc  cauces,  adjusting  valves, 
etc.,  at  various  locations  in  the  space.  The  additional 
duty  time  is  spent  in  the  assigned  machinery  space  performing 
preventive  and  corrective  maintenance.  This  nominal  workday 
is  assessed  in  the  following  discussions  at  20  knot  steaming 
conditions. 

1.0  Engine  Room 

In  the  engine  room  there  are  two  v/atch  stations  which 
are  represented  by  measurement  locations  1 and  2.  The  noise 
levels  at  these  locations  are  88  dBA  and  89  dBA,  respectively 
at  20  knots.  Taking  tlic  higher  noise  level,  the  allowable 
exposure,  using  the  5 dB  doubling  factor,  is  nine  hours  in  a 
twenty-four  hour  period.  The  watchstandcr , spending  thive- 
fourth's  of  his  time  at  this  watch  station  will  receive  two- 
thirds  of  his  allowable  noise  exposure  or  six  out  of  an 
allowable  nine  hours.  The  balance  of  the  watchstanders 
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allowable  oxpoourc  would  be  reached  by  two  houra  exposure  to 
noiuo  level!*,  of  92  dBA,  a reasonable  assumption  based  on  the 
distribution  of  noise  levels  within  the  enf'ine  room.  Thus, 
by  otandinc  two-four  hour  watches  in  the  enyine  room,  person- 
nel will  receive  their  full  allowable  exposure  (i.e.,  equi- 
valent to  eicht  hours  at  90  dBA);  consequently,  additional 
duty  in  the  oncinc  room  would  result  in  excess  exposure  and 
the  risk  of  hearing  damage. 

The  asocssmont  Just  described  for  a ship  speed  of 
20  knots,  that  is,  no  hearing  damage  risk  if  the  workday  is 
limited  to  two-four  hour  watches,  essentially  applies  to 
speeds  from  15  to  26  knots.  Above  26  knots,  the  allowable 
exposure  could  be  exceeded  in  one-four  hour  watch  period. 
Below  15  knots  the  allowable  exposure  should  not  bo  exceeded 
during  the  entire  nominal  workday.  Prior  to  the  instal- 
lation of  the  noise  reduction  treatment,  allowable  exposures 
were  exceeded  during  two-four  hour  watch  periods  at  10  knots, 
the  lowest  speed  at  which  measurements  were  taken. 

In  order  to  achieve  the  hearing  damage  risk  criterion 
for  the  full  nominal  workday,  at  speeds  above  15  knots, 
additional  noise  reduction  will  be  required  in  the  engine 
room.  In  order  to  achieve  this  reduction,  noise  produced  by 
non-propulsion  auxiliaries  must  be  reduced  in  conjunction 
with  further  reductions  in  main  reduction  gear  noise.  In 
particular,  as  was  pointed  out  in  earlier  reports,  noise 
from  the  brine  overboard  eductors  requires  reduction.  This 
reduction  should  be  achieved  by  the  SHIPALT  which  will 
replace  the  eductors  with  pumps.  In  addition,  post  RAV 
trial  data  indicates  that  the  noise  from  fire  pump  No.  3 
should  be  reduced.  A relatively  simple  motor  silencer 
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siiould  provide  the  needed  reduction.  As  for  the  main 
reduction  coar  noise,  further  reduction  will  require  expan- 
sion of  the  coveraco  of  the  close-coupled  prototype  treat- 
ment, notably  to  include  the  turbine  sub-bases,  or  the  use 
of  an  alternative  treatment.  Complete  laccinc  oP  the  lube 
oil  pipinc  will  also  be  required  as  was  originally  planned 
in  the  RAV  work  packace. 

2.0  Fire  Room 

Usinc  the  rationale  for  determining  allowable  exposure 
as  was  used  for  the  engine  room,  the  measured  noise  levels 
in  the  fire  room  with  the  treatments  installed  Indicate  that 
allowable  exposures  would  not  be  exceeded  during  the  nominal 
workday  at  speeds  through  21  knots.  With  only  modest 
improvement  from  the  correction  of  the  uncompleted  work  on 
the  forced  draft  blower  duct  treatment  (i.e.,  the  flexible 
boots),  and  with  both  exhaust  fans  treated  in  the  same 
manner  as  the  larger  fan,  the  allowable  exposure  should  not 
bo  exceeded  for  the  nominal  workday  except  at  maximum  speed. 

A compelling  argument  would  be  difficult  to  make  for  addi- 
tional noise  reduction  because  the  frequency  and  duration  of 
operations  at  maximum  speed  represents  less  than  ten  percent 
of  the  total  operating  time  at  sea. 

Coi’rection  of  the  inboard  venting  of  the  Prairie/Masker 
compressors  is  required  to  cllminat i this  risk  of  hearing 
damage  in  the  fire  room  during  compressor  warmup.  Noise 
levels  at  some  locations  in  the  fire  room  wore  measured  at 
125  dBA  during  the  thirty  to  sixty  minute  compressor  warmup 
period.  The  highest  noise  level  allowable  for  thirty  minutes 
exposure  in  a twenty-four  hour  period  is  110  dBA.  Test  team 
personnel  present  in  the  fire  room  for  a short  period 
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durine  comprocaor  warmups  experienced  temporary  threshold 
shifts  in  their  hearinc.  Until  this  problcMn  is  corrected, 
fire  room  personnel  should  wear  car  plucs  and  ear  muffs 
during  compressor  wai'mup. 

F.  Treatment  Effectiveness 

The  bulk  of  this  report  is  concerned  with  the  noise 
reduction  achieved  by  the  treatments  applied  to  IT  1082. 

In  this  section,  the  specific  performance  of  the  several 
treatments  is  investigated.  The  term,  "treatment  performance", 
is  used  hero  to  mean  the  amount  by  which  a treatment  reduces 
the  noise  radiated  from  the  treated  area.  This  is  not  to  bo 
confused  with  the  amount  of  overall  noise  reduction  due  to 
application  of  the  treatment.  The  overall  noise  reduction 
may  bo  somewhat  loss  than  the  treatment  performance  because 
(1)  all  radiating  surfaces  could  not  be  covered,  (2)  structural 
and/or  acoustic  flanking  transmission  paths  limit  the  total 
reduction,  or  (3)  other,  untreated  sources  control  the  reduced 
noise  levels. 

1.0  Engine  Room  Treatment 

The  engine  room  treatment  consisting  of  the  close-coupled 
cladding  applied  to  the  main  reduction  gear  case,  the  gear 
foundation,  the  main  turbine  foundations  and  enclosure  of  the 
condenser  box  could  not  be  fully  evaluated  in  situ  aboard 
MONTGOMliRY.  Assessment  of  the  cladding  treatment  must  be  in 
terms  of  both  shipboard  and  laboratory  test  results. 

The  cladding  treatment  reduces  radiated  noise  by  three 
different  mechanisms.  Damping  tile  applied  to  the  base  struc- 
ture reduces  resonant  modal  vibration  of  the  gear  case,  gear 
foundation,  turbine  foundations,  and  condenser  box.  The 
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compliant  layer  of  fiberclasa  and  masjjivo  covorinK  of  lead 
vinyl  acts  as  a sprinc-mass  system  effectively  ioolatinf, 
vibration  of  the  damped  base  structure  from  the  radiating 
surfaces  exposed  to  the  air  in  the  encine  room,  l.c.,  the 
sheet  metal  cover.  In  addition,  the  sheet  metal  cover  is 
rcsiliontly  isolated  from  the  base  structure  by  the  rubber 
isolators  shown  in  Plcuro  11.  Noise  is  also  reduced  by  the 
fact  that  the  sheet  metal  cover  used  to  protect  the  treatment 
and  for  aesthetic  purposes  does  not  transduce  surface  vibration 
into  airborne  sound  as  readily  as  docs  the  base  structure.  This 
latter  point  relates  to  matchlnG  of  acoustic  and  structural 
wavelengths. 

1.1  Laboratory  Tests 

Laboratory  tests  were  performed  at  BBN  usinc  a fiat, 
one-half  inch  thick  steel  plate  approximately  three  feet  by 
five  feet.  With  the  plate  resillently  mounted  in  the  wall 
between  two  reverberant  rooms,  electrodynamic  shakers  wore 
attached  to  one  side  of  the  plate  to  set  up  a reverberant 
vibration  field.  Various  treatments  and  combinations  of 
treatments  were  applied  to  the  undriven  side  of  the  test  plate. 
In  all  cases,  vibration  measurements  were  made  on  the  base 
plate  and  airborne  sound  measurements  wei*e  made  in  the  receiver 
reverberant  room,  i.e.,  the  room  on  the  treatment  side  of  the 
plate.  In  some  cases,  vibration  measurements  wore  made  on  the 
outer  surface  of  the  treatment.  Prom  these  measurements, 
transfer  functions  were  generated.  These  transfer  functions 
relate  (1)  the  vibration  on  the  base  plate  to  vibration  on  the 
radiating  surface  of  the  treatment,  (2)  the  vibration  of  the 
treatment  surface  to  radiated  sound  power,  and  (3)  the  vibra- 
tion on  the  base  plate  to  radiated  sound  power.  Structural 
reverberation  times  were  measured  to  assess  the  significance 
of  different  types  of  damping  treatments  applied  to  the  base 
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plate.  It  should  be  noted  that  in  this  study,  it  is  dlf- 
ferenues  between  vibration  and/or  acoustic  levels  that  are 
of  interest.  Therefore,  it  was  not  important  to  duplicate 
the  actual  noise  and  vibration  levels  and  spectra  choracter- 
i.stic  of  the  actual  propulsion  system. 

# Tool  Configuratioua 

Three  test  confi{5urations  representinc  the  principal 
candidate  treatments  are  discussed  in  this  section.  The 
Ceneric  cross-sections  arc  sliown  in  figure  31.  The  first 
configuration  (a)  is  a close  facsimile  to  the  treatment 
Installed  aboard  the  ship.  The  second  configuration  (b) 
included  flexible  elastomeric  sheet  insulation  (1-in.  thick 
Armaflex  by  Armstrong  Cork  Company)  as  the  compliant  member 
rather  than  the  fiberglass  blanket  shown  in  configuration 
(a).  The  third  configuration  (c)  also  included  the  flexible 
elastomeric  material,  but  with  the  outer  sheet  metal  cover 
removed . 

0 Structural  Damping 

Effects  of  structural  damping’  are  best  measured  in 
terms  of  reverberation  times.  Those  reverberation  times  can 
be  interpreted  as  loss  factors,  n,  where  the  two  parameters 
are  related  by  the  expression 


where  f is  the  center  frequency  of  the  band  of  interest  and 
TgQ  is  the  reverberation  time.  The  change  in  plate  damping 
due  to  adding  damping  tile  to  the  plate  is  shown  in  Figure  32. 
The  comparison  is  between  the  loss  factor  of  the  damped  and 
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undamped  plate  plotted  on  a logarithmic  ocale.  Thus,  the 
reductions  of  up  to  6 dlJ  implied  by  Kicure  3H  are  reasonable 
encineerinr,  estimates  of  the  effects  of  dami'lnc  in  all  tl»ree 
of  the  treatment  conficurations.  The  damping,  treatment 
tested  in  tlie  laboratory  is  the  same  typo  ar.  used  on  tJie 
Gear  casinc*  In  these  tests,  the  base  plate  was  heated  to 
approximately  130°P  to  simulate  the  ct*ar  case  operating, 
temperature. 

# Vihi'ation  Isolation 

Conficuration  (a)  of  Kicure  31  duplicates  the 
treatment  with  the  exception  that  the  shoot  metal  cover 
plate  in  the  laboratory  in  resiliontly  isolated  from  the 
studs  on  the  base  plate  by  ci'o«»wots  instead  of  by  the  iso- 
lation mounts  shown  in  Ficuro  11.  As  in  the  other  tests, 
the  base  plate  was  heated  to  approximately  130°F.  Vibration 
(acceleration)  levels  were  measured  at  several  positions  on 
both  the  base  plate  and  o.'  the  sheet  metal  cover.  The 
difference  between  avoraco  vibration  levels  of  base  plate 
and  cover  arc  plotted  as  a function  of  frequency  in  PiBure 
33.  The  values  in  Figure  33  represent  an  engineering  estimate 
of  the  expected  vibration  isolation  of  the  gear  case  treatment. 
Similar  results  are  anticipated  for  the  treatment  applied  to 
the  gear  and  turbine  foundations. 

Values  of  vibration  isolation  measured  in  the  laboratory 
on  treatment  configuration  (b)  arc  also  shown  in  Picurc  33* 

This  figure  indicates  that  in  the  mid-frequency  range,  the 
vibration  isolation  afforded  by  the  Armaflex  material  is 
generally  a few  dB  less  than  the  vibration  isolation  demon- 
strated by  the  fibcrclass  used  in  configuration  (a).  This 
appears  to  be  due  to  greater  stiffness  of  the  elastomeric  foam. 
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Due  to  the  flexible  nature  of  the  lead-loaded  vinyl 
sheet,  it  was  not  poasible  to  obtain  vibration  measurementy 
that  meaninr.fully  reflect  the  vibration  Icolation  character- 
istics of  tite  elastomeric  insulation  in  the  absence  of  a 
sheet  metal  cover  plate  conficuratior.  (c). 

Results  of  these  tests  mean  that  if  the  sheet  metal 
cover  plate  were  as  efficient  a radiator  of  sound  as  the  base 
plate,  the  total  radiated  sound  power  from  the  fully  treated 
plate  would  be  less  than  that  radiated  from  the  damped  base 
plate  by  the  amounts  shown  in  Fieure  33  for  confieuratlons  (a) 
and  (b).  In  fact,  the  radiation  properties  of  the  sheet 
metal  cover  (and  the  base  lead  vinyl)  are  somewhat  different 
fi’om  those  of  the  base  plate. 

# Radiation  Effioiano]/ 

Radiation  efficiency,  defined  matnematically  by 

a , - — J— 
pcA<v*> 

is  the  ratio  of  sound  power  radiated  (per  unit  surface  area)  to  the 

vibration  of  that  surface.  In  the  definition  above,  R is  the 
total  radiated  sound  power,  A is  the  total  radlatinc  surface  area, 

<v*>  is  the space-averacod  mean-square  velocity  of  the  surface 
vibration,  and  pc  is  the  specific  acoustic  Impedance  of  air. 

Laboratory  measurements  were  made  of  the  sound  power  radiated 
from  the  untreated  base  plate  and  the  vibration  of  the  plate. 
Similar  measurements  were  made  comparing  vibration  of  and  sound 
radiation  from  the  cover  plate  of  configurations  (a)  and  (b)  in 

Figure  31.  Prom  these  measurements,  radiation  efficiencies  of  the 
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baae  plate  and  the  cover  sheet  were  calculated.  The  differences 
between  those  two  values  are  plotted  on  a logarithmic  scale  in 
Figure 

Figure  3^1  indicates  that  the  sheet  metal  cover  plate  is  a 
much  less  efficient  transducer  for  converting  vibrational  energy 
into  airborne  sound  than  is  the  base  plate.  In  the  mid-frequency 
range,  sound  radiation  per  unit  of  vibration  is  10-20  dB  less 
for  the  cover  plate  than  for  the  base  plate.  This  is  consistent 
with  elementary  theoretical  considerations.  The  effect  of 
replacing  the  fiberglass  in  configuration  (b)  with  Armaflex  does 
not  significantly  change  the  radiation  efficiency  of  the  sheet 
metal  cover.  Effects  of  cover  plate  Isolation  are  more  important. 

# Combined  Lahovatovy  Reaulta 

When  the  damping,  vibration  isolation,  and  radiation  effi- 
ciency results  of  the  laboratory  tests  are  combined,  the  total 
treatment  performance  shown  in  Figure  35  is  calculated.  The 
values  shown  here  represent  the  total  "treatment  performance” 
expected  of  the  close-coupled  cladding  shown  in  Figure  11  and 
the  treatment  applied  in  the  engine  room.  These  results  are 
borne  out  in  comparisons  of  radiated  sound  power  and  base  plate 
vibration.  Clearly  the  major  effects  are  those  of  the  vibration 
isolation  and  changes  in  radiation  efficiency. 

Figure  35  also  shows  the  anticipated  total  noise  reduction 
that  would  be  achieved  using  configuration  (b)  in  which  elasto- 
meric insulation  is  substituted  for  fiberglass  as  the  compliant 


^Insufficient  signal-to-noise  ratios  limit  the  base  plate 
data  to  the  frequency  range  above  315  Hz.  Data  obtained  show 
excellent  agreement  with  simple  plate  theory,  therefore,  theo- 
retical results  are  used  in  deriving  the  values  shown  in  the 
200-315  Hz  frequency  bands  of  Figure  3<J. 
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FIGURE  35:  PREDICTED  KOISE  REDUCTION  PERFORMANCE  OF  TEST  CONFIGURATIONS 

(a),  (b),  and  (c)  (AS  SHOWN  IN  FIGURE  31) 
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layer.  Th’s  curve  in  Figure  35  illustratco  that  the  decrcasort 
vibration  inolatlon  afforded  by  the  claotomeric  material  degrades 
the  overall  pcrfornunce  of  this  treatment  compared  to  that 
used  In  MONTC50MERY. 

The  third  curve  in  Figure  3^1  represents  the  treat- 
ment performance  expected  of  configuration  (c)  of  Figure  31. 

The  values  shown  in  this  curve  are  derived  from  comparison 
of  sound  radiation  and  base  plate  vibration  witli  and  with- 
out the  treatment  in  place.  In  this  case  it  is  not  possible 
to  separate  the  effects  of  vibration  isolation  and  radiation 
efficiency  modification.  It  is  seen  that  although  the 
maximum  performance  of  configuration  (c)  is  comparable  to 
that  of  configuration  (a),  this  maximum  occurs  at  a somewhat 
higher  frequency  for  configuration  (c).  Below  2000  Hz,  the 
performance  of  configuration  (a)  is  10-15  dB  better  than 
that  of  configuration  (c). 

1.2  Shipboard  Measurements 

Because  of  the  complex  and  extended  nature  of  the  shipboard 
installation,  it  was  not  possible  to  evaluate  the  engine  room 
treatment  performance  in  the  detail  possible  in  the  laboratory. 

The  only  practicable  measure  of  the  treatment  performance  is  a 
composite  evaluation  of  damping  and  vibration  isolation. 

Although  no  measurements  were  made  of  the  radiation  efficiency 
of  the  treatment  as  applied  in  the  engine  room  of  MONTGOMERY,  there 
is  no  reason  to  expect  the  radiation  efficiency  of  the  shipboard 
installation  to  be  significantly  different  from  the  radiation  ef- 
ficiency measured  in  the  laboratory  tests. 
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# Damping  and  Vibration  loolation 

In  the  poac-RAV  sea  trial,  vlbrat  lnn  mcasurumftnt.s  were  made 
on  the  treatment  cover  plate  at  several  positions  corruspondinc 
to  measurements  on  the  untreated  pear  car.»-.  These  measurements 
v;ere  made  on  the  larco  flat  surfaces  repre.‘!entat:lvG  of  tlio  ma.lor 
sound  radiating  areas.  Comparinc  the  tv;o  sots  of  levels  indicates 
the  combined  effects  of  gear  case  vibration  reduction  by  damping 
and  vibration  isolation  by  the  compliant  layer  and  the  massive 
layer  of  lead  vinyl  and  the  .sheec  metal  cover. 


The  average  differences  betwi en  vibration  levels  on  the 
cladding  cover  and  on  the  untreated  gear  case  measured  at 
several  positions  are  shown  in  Figure  36.  For  reference,  the 
vibration  isolation  measured  in  the  laboratory  are  also  shown 
in  Figure  36,  Two  observations  should  bo  noted.  First,  there 
is  a wide  variation  in  the  effectiveness  depending  on  where 
transducers  were  located  on  the  main  reduction  gear.  This  is 
not  unexpected  because  of  the  complex  nature  of  the  coupling 
' between  the  cover  sheet  and  the  gear  case.  In  particular,  the 
effects  of  edge  terminations  of  the  cover  plate  are  much  dif- 
ferent in  the  shipboard  installation  than  in  the  laboratory. 
Second,  there  is  reasonably  good  agreement  between  the  labora- 
tory results  and  the  performance  of  the  shipboard  installation. 
This  suggests  that  the  laboratory  test  results  accurately 
represent  a measure  of  the  shipboard  performance  achievable 
over  the  frequency  range  of  interest.  The  performance  of  the 
shipboard  installation  may  appear  to  be  better  than  that  measured 
in  the  laboratory  because  of  better  vibration  isolation  of  the 
cover.  The  overall  results  in  the  shipboard  configuration 
confirms  the  notion  that  the  laboratory  test  procedure  is  an 
appropriate  method  for  (1)  predicting  the  effectiveness  of 
treatments  in  the  shipboard  environment  and  (2)  rank  ordering 
the  performance  of  different  types  of  cladding  treatments. 
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2.0  Fire  Room  Treatment 

Firo  room  trcatmiMito  conuir.tinc  of  tho  forced  draft 
blower  duct  claddinp  and  the  ventilation  cxhauot  fan  pallia- 
tive!,? arc  cloaely  related  and  cannot  bo  eauily  evaluated 
independently.  Thia  la  becaur.e  the  ventilation  oxhau:?t  fanr. 
appear  to  bo  olKnil  Icrmt  flanklnc  patlu?  for  forced  draft 
blower  noise  i!i  the  fire  room. 

• Sxhauot  Fau  Treatmont  Vci'foivnancc 

Comparison  of  ventilation  exhaust  fan  noiso  at  tJie  center 
position  at  the  second  deck  level  before  and  after  treatment 
is  an  appropriate  measure  of  the  fan  noise  reduction  achieved 
on  MONTGOMERY.  These  values  of  reduction  arc  shown  in 
Picure  30-  More  detailed  analysis  is  required  to  separate 
the  performance  of  the  fan  relocation  and  duct  lining  treat- 
ment from  the  performance  of  the  barrier  treatment. 

Tests  were  performed  on  MONTGOMERY  after  treatment  and 
on  DOWNES,  primarily  to  quantify  the  forced  draft  blower 
flanking  path.  The  arrangement  of  forced  draft  blowers  and 
fire  room  exhaust  fans  on  DOWNES  is  sufficiently  similar 
to  that  on  MONTGOMERY  that  comparison  of  the  two  sets  of 
measurements  is  considered  an  adequate  measure  of  the  effec- 
tiveness of  the  treatment  applied  to  MONTGOMERY.  Since  the 
forced  draft  blower  noise  was  the  subject  of  interest,  the 
evaluation  was  performed  only  in  the  2500  Hz  and  ^1000  Hz 
one-third  octave  bands  where  the  forced  draft  blower  tones 
arc  usually'  found. 


These  test  results  indicate  that  the  treatment  involving 
fan  relocation  increases  the  transmission  path  attenuation  by 
8 and  7 dD  in  the  2500  and  <1000  Hz  bands,  respectively.  Except 
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at  a position  cllroctly  beneath  the  IJnecl  barrier,  the 
incroar.cd  attenuation  due  to  the  lnvei*tc*d  "top  hal.”  3:" 
minimal,  nominally  1 dD  at  the  hitdi  ri’equencier. . 

It  sliould  be  noted  tliat  the  barrier  tivatmerit  applied 
to  the  so-called  "small  vent"  oxhau:,*.t  fan  is  not  the  der.icn 
recommended.  The  installed  treatment  doer,  not  effectively 
block  line  of  sipht  from  potentially  manned  locations  into 
the  fan  hcllmouth  as  v.'as  intended  in  the  original  recom- 
mendation. Performance  of  the  treatment  applied  to  the 
"larcc  vent"  fan  is  Judcod  to  be  qu:itu  acceptable  and  is  in 
good  agreement  with  the  expected  effectiveness. 

3.0  Forced  Draft  Blower  Treatment 

It  was  not  possible  to  perform  pre-installation  and 
post-installation  measurements  of  acoustic  transmission  los.s 
though  the  walls  of  the  forced  draft  blower  ducts.  Therefore, 
no  firm  evaluation  of  the  lagging  treatment  can  be  given.  A 
measure  of  the  treatment  performance  can  be  inferred  from 
reduction  of  the  forced  draft  blower  tones  at  various  micro- 
phone locations  provided  account  i.?  also  taken  of  the  flanking 
paths  through  the  fire  room  ventilation  exhaust  fans. 

Estimated  values  of  the  effectiveness  of  the  lagging  treatment 
applied  to  the  forced  draft  blower  ducts  arc  on  the  order  of 
* 10-15  dB  in  the  frequency  range  2000-6300  IIz  where  forced 

draft  blower  tones  are  significant. 

Noise  measurements  taken  with  portable  instruments 
indicate  that  incomplete  closures  of  the  lead  vinyl  boot 
sections,  particularly  around  penetrations  for  damper  counter- 
weights and  grease  fittings,  act  as  noise  leaks.  It  is  not 
known  precisely  how  much  this  deficiency  degrades  the 
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pci'fox'mance  of  the  treatment  a«  rccardr.  noir.e  at  manried  or 
potentially  manned  locntionr.;  however,  it  Ir.  an  innt.alla- 
tion  defect  that  can  be  eaaUy  remedied. 

It  ia  interoatint'  to  note  that  on  USfj  bOV/WIiS,  tlic 
forced  draft  blower  ducta  are  already  covered  with  a laf.cinn 
treatment.  Althour.b  thia  treatment  may  reduce  acouatic 
radiation  from  the  treated  aurface  areaa,  maeauremonts  at 
the  fixed  microphone  locations  indicate  tJjat  theix*  ia  no 
sicnificant  overall  reduction  of  blowoi*  noi.ae  duo  to  the 
treatment  used  on  DOVJHES.  This  may  be  because  moat  foi'ced 
draft  blower  noioe  is  transmitted  throuch  the  untreated 
expansion  Joints  which  are  constructed  of  very  thin  metal. 
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111.  INTRA  CLASS  SIMILARITY  TESTS 

To  insure  that  the  noise  characteristics  of  I5LMI3R 
MONTGOMERY  v/erc  not  atypical  of  the  FP  1052  class,  airborne 
noise  trials  were  conducted  on  a second  ship  in  the  class. 
Differences  within  the  class  which  could  alter  airborne 
noise  levels  in  the  machinery  spaces  Include  major  machinoi'y 
produced  by  different  manufacturers  and  construction  prac- 
tices produced  by  different  buildinc  yards.  Significant 
differences  in  space  and  machinery  arrangements  were  not 
expected  and  none  were  found. 

A.  USS  DOWNES  Trial  Results 

USS  DOWNES  (FP  1070),  based  in  San  Diego,  was  design- 
ated as  the  ship  for  the  intra  class  similarity  tests.  As 
was  the  case  with  the  post-RAV  trial  on  ELMER  MONTGOMERY, 
noise  tests  were  planned  for  DOWNES  which  would  replicate 
measurement  locations  and  machinery  conditions  as  nearly  as 
possible  for  comparison  with  pre-RAV  trial  results  from 
ELMER  MONTGOMERY. 

Dockside  and  underway  airborne  noise  tests  were  con- 
ducted in  DOWNES  during  the  period  15  through  2^  January  1976. 
Minor  difficulties  were  encountered  because  of  out-of- 
commlssion  machinery  which  could  not  be  tested,  and  the 
maximum  speed  achievable  was  26  knots;  however,  overall 
trial  objectives  were  achieved.  Ship  to  ship  differences 
and  trial  results  relating  to  the  individual  machinery 
spaces  are  described  below. 

1.0  Engine  Room 

A major  reason  for  selecting  DOWNES  was  that  it  was 
equipped  with  a main  reduction  gear  of  a different  manufacture 
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than  MONTGOMERY . Variations  in  the  routine  of  plplnc 
resulted  In  the  trine  overboard  eductors  belnc  In  a sllehtly 
different  location  In  DOWNES.  No  other  slcnlf leant  dif- 
ferences were  noted j however,  the  fire  pump  (No.  3)  was 
inoperative  and  could  not  bo  tested. 

Measurements  wore  conducted  at  the  same  locations  as 
described  previously  on  ELMER  MONTCJOMERY  and  at  the  same 
speed  increments.  The  measured  A-weighted  noise  levels  are 
shown  in  Table  5,  side-by-side  with  comparable  measurements 
on  the  MONTGOMERY  pre-RAV  trial.  A remarkable  similarity  in 
the  measured  levels  can  be  seen  from  the  table.  Differences 
in  the  measured  levels,  where  they  occur,  are  typically  one 
to  two  dB  which  is  essentially  the  expected  range  of  repeat- 
ability of  measurements.  The  conclusion  is  that  the  two 
engine  rooms  are  essentially  the  same  from  an  airborne  noise 
standpoint. 

While  the  overall  magnitude  of  the  noise  levels  on 
DOWNES  and  MONTGOMERY  were  very  similar,  the  spectral  charac- 
teristics of  the  main  reduction  gear  noise  were  different. 
One-third  octave  levels,  measured  at  Microphone  Location 
No.  3,  on  the  lower  level  just  outboard  of  the  main  reduc- 
tion gear  on  the  starboard  side,  are  shown  in  Figure  37  for 
both  ships.  Below  630  hertz,  ♦•he  levels,  while  not  the  same 
in  amplitude,  have  essentially  the  same  spectral  shape. 

Above  630  hertz,  however,  there  is  a distinct  difference. 

On  DOWNES  there  is  one  distinct  peak  produced  by  the  second 
reduction  mesh.  On  MONTGOMERY  there  are  two  peaks,  of  which 
one  corresponds  to  the  second  reduction  mesh  which  is  lower 
in  frequency  than  DOWNES  because  of  a difference  in  the 
number  of  teeth  on  the  second  reduction  gear  set  although 
the  gear  ratios  are  the  same.  The  second  peak  on  MONTGOMERY 
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FIGURE  37:  COMPARISON  OF  MAIN  REDUCTION  GEAR  NOISE  ON 

USS  ELMER  MONTGOMERY  AND  USS  DOWNES  AT  160  SHAFT  RPM 
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has  been  Icloiitified  aa  undulatlonr.  i;.  the  first  reduction 
ccar.  These  undulations  are  the  resuH  of  manufacturinr, 
methods  which  cometlines  cause  uneven  tooth  contact  and  tooth 
wcai*.  The  macnitude  of  this  tone  on  MOHTfSOXliHY,  relative  to 
the  macnitude  of  the  second  reduction  mesh  amplitude,  suf.- 
ecsto  that  the  undulations  may  be  causlnc  excessive  wear  and 
the  cear  should  tliereforo  bo  inspected. 

The  difforoncen  in  the  A-weichted  levels  shown  in 
K-Icure  37  are  attributable  almost  exclusively  to  the  c<^nr 
tone.*)  Just  described.  However,  the  macnitude  of  the  differ- 
ence in  level  docs  not  succest  that  different  noise  control 
methods  are  needed  or  necos.-.arily  desirable. 

2.0  Fire  Room 

Machinery  differences  noted  in  the  fire  room  were  that 
the  boilers  were  of  different  manufacture.  Consti’uction 
differences  included  a lacsinc»  siniilar  in  appearance  to 
that  used  on  steam  pipinc*  installed  on  the  forced  draft 
blower  ducts.  Also,  the  vent  for  the  Prairio/Hasker  com- 
pressors did  not  terminate  in  the  fire  room.  Prairie/Masker 
compressor  IB  was  not  operational  and  could  not  be  tested. 

Although  the  forced  draft  blower  rooms  are  unmanned 
spaces,  a difference  was  noted  between  the  two  ships.  In 
DOWNES,  the  forced  draft  blowers  were  partially  enclosed 
with  removable  covers.  However,  noise  measurements  taken 
with  portable  sound  level  meters  in  both  ships  showed  no 
appreciable  difference  in  noise  levels  in  the  forced  draft 
blower  rooms. 
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The  rcsulUu  of  mear.uremento  taken  at  varloua  ohip 
speeds  and  at  the  same  microphone  locations  described  earlier 
for  the  MONTOOMIiriY  trials  arc  shown  in  Table  6 sidc-by-sldo 
with  comparable  results  from  MONTGOMERY  nioarurcmonts  taken 
before  the  noise  reduction  treatment  was  installed.  Care 
'.•.mst  be  taken  in  drawlnc  conclusions  solely  from  the  data  in 
Table  6 because  due  to  uncontrollable  circumstances,  it  was 
not  possible  to  exactly  duplicate  machinery  lineups  in  every 
test.  In  particular,  d'ffcrences  in  lineups  of  forced  draft 
blowers  and  main  feed  oumps  were  determined  to  account  fo.*' 
the  significant  differences  in  noise  levels  between  the  two 
ships. 

Machinery  lineups  wore  most  nearly  duplicated  during 
the  200  RPM  tost  run  where  all  four  forced  dx'aft  blowers 
were  on  the  line.  At  the  200  RPM  speed,  the  data  show  that 
noise  levels  at  some  locations  were  three  to  four  decibels 
lower  than  on  MONTGOMERY,  possibly  indicating  some  benefit 
from  the  lagging  of  the  forced  draft  blower  ducts.  More 
benefit  in  noise  reduction  might  have  been  expected  from  the 
duct  lagging  on  DOWNES j however,  the  expansion  Joints  and 
damper  areas  wore  not  covei'ed  which  demonstrates  the  need 
for  maintaining  the  acoustic  integrity  of  noise  control 
treatment  if  serious  compromise  to  the  treatment  is  to  be 
avoided.  These  results  on  DOWNES  are  also  considered  a 
demonstration  of  the  Importance  of  completing  the  finish 
work  on  the  flexible  boots  on  MONTGOMERY  forced  draft  blower 
duct  treatments. 

On  DOWNES  the  No.  2 fire  pump  in  the  fire  room  was 
noisier  than  on  MONTGOMERY,  producing  noise  levels  above 
90  dBA  at  a distance  of  approximately  six  feet.  The  vari- 
ability in  noise  from  these  units  argues  for  noise  control. 
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particularly  when  the  reduction  needed  can  probably  be 
provided  by  a relatively  aimple  and  inexpenuive  motor 
silencer. 


The  noise  levels  of  ventilation  system  noise  on  DOV/llEG 
were  somewhat  lower  tlian  on  WOIJTOOMEKY.  However,  noise 
levels  in  the  ranee  of  90  dBA  from  the  ventilation  system 
operatinc  alone  still  arnues  for  noise  control  of  the  vent 
exhaust  fans  as  part  of  a class  noise  reduction  packaco. 

The  most  sicnificant  difference  in  noise  levels  con- 
cerned the  ventinc  of  the  Prairie/Masker  compressors. 

Because  the  compressors  were  vented  out  of  the  fire  room, 
the  noise  levels  durinc  warmup  of  the  compressors  was  no 
higher  than  during  normal  operation  with  the  compressors 
feeding  the  emission  systems.  Noise  levels  adjacent  to  the 
compressor  reached  90  dDA,  essentially  the  same  as  on 
MONTGOMERY.  On  MONTGOMERY,  the  lagging  on  the  piping  of  one 
compressor  had  been  removed,  apparently  for  some  corrective 
maintenance,  and  the  noise  levels  near  that  compressor  were 
higher,  Indicating  the  need  to  replace  such  treatment  to 
prevent  the  inadvertent  creation  of  a new  noise  problem. 

3.0  Auxiliary  Machinery  Room  Ho.  1 

Only  minor  differences  were  noted  in  this  space  between 
the  two  ships.  For  example,  the  log  desks  were  not  located 
in  the  same  place.  The  results  of  measurements  conducted 
underway  with  normal  steaming  machinery  lineups  showed  noise 
levels  essentially  identical  to  those  measured  in  MONTGOMERY. 
Therefore,  irom  a class  standpoint,  it  is  concluded  that 
noise  reduction  will  not  be  required  in  this  space  from  a 
hearing  damage  risk  standpoint. 
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B.  Summary  of  Differences  within  the  FF  1052  Class 

On  the  ba.'jia  ol'^thc  trials  conducted  in  ELMER  MONTGOMERY 
and  DOWNES  which  represent  the  known  dirferenccs  witliin  the 
FF  1052  class,  no  sicnificant  differences  in  noise  character- 
istics were  found  which  would  preclude  a sinclo  noise  control 
approach  for  the  entire  class.  The  only  exception  to  this 
is  the  ventints  of  the  Prairie/Masker  compressors.  Noise 
levels  produced  in  the  fire  room  durinc  compressor  warmup 
when  the  compressors  are  vented  inboard  are  hazardous  even 
though  they  are  infrequent.  This  problem  should  be  corrected 
on  the  ships  in  the  class  where  this  condition  exists. 

Measurements  conducted  aboard  USS  DOWNES  argue  for 
treatment  of  another  noise  source,  the  fire  pumps.  While 
pre-RAV  measurements  in  ELMER  MONTGOMERY  identified  these 
units  as  a potential  problem,  measurements  in  DOWNES  demon- 
strated that  the  fire  pumps  alone  can  produce  noise  levels 
in  excess  of  90  dBA.  Even  when  the  source  level  of  these 
units  is  below  90  dBA,  they  maintain  a background  level 
sufficiently  high  that  the  full  potential  of  noise  reduction 
applied  to  other  sources  is  not  fully  realized,  particularly 
at  low  and  nominal  cruising  speeds  which  are  typical  of  a 
large  percentage  of  the  operational  life  of  the  ship. 
Inclusion  of  noise  reduction  for  the  fire  pumps  in  manned 
spaces  would  increase  the  cost  of  the  noise  control  package 
probably  less  than  one  percent.  It  certainly  would  cost 
less  to  include  this  added  treatment  in  a class  package  than 
to  determine  its  need  on  an  individual  ship  basis. 

There  are  sufficient  differences  in  the  physical  config- 
uratjen  of  the  two  types  of  main  reduction  gears  to  require 
two  designs  for  Installation  of  a close  coupled  treatment. 
Other  types  of  noise  control,  such  as  enclosures,  which  do 
not  conform  as  closely  to  the  gear  casing  could  be  expected 
to  accommodate  these  differences  in  a single  design. 
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IV.  CONCLUSIONS 

This  program  represents  the  first  comprehensive  concerted 
effort  to  reduce  airborne  noise  in  active  surface  sliips  in  order 
to  achieve  hearing  damage  risk  criteria  in  machinery  .spaces. 

New  insights  have  been  gained  concerning  the  chai’acteristics 
of  shipboard  machinery  noi.se  as  well  as  the  approaches  to 
control  it,  and  noise  conti’ol  approaches  hove  been  subjected  to 
comprehensive  performance  tests  for  the  first  time.  These 
efforts,  and  the  experience  they  provided,  have  resulted  in 
the  formation  of  conclusion.^  concerning  control  of  shipboard 
machinery  noise  in  general  and  treatment  of  such  noise  in  the 
FF  1052  class  of  ships. 

A.  Noise  Control  Criteria 

In  the  past,  when  noise  control  criteria  have  been 
specified  for  airborne  noise  in  machinery  spaces,  the  basic 
objective  has  been  the  avoidance  of  hearing  loss.  To  achieve 
this  objective,  a noise  category,  defined  by  OPNAV  Instruction 
9330.5,  has  been  specified.  Usually  a Category  D is  specified 
for  machinery  spaces  which  is  defined  as  a set  of  octave  band 
levels.  Noise  Category  D derives  from  and  is  essentially 
equivalent  to  90  dBA,  which  is  the  DUMED/OSHA  noise  limit  for 
eight  hours  exposure  in  a twenty-four  hour  period. 

There  is  a basic  difficulty  with  this  Category  D,  or 
even  the  90  dBA  criteria,  in  that  both  relate  to  an  industrial 
eight  hour  workday  and  employment  lifetime  which  are  not  typical 
of  the  shipboard  work  environment  or  Navy  career  duration. 
Therefore,  the  hearing  loss  risk  probability  associated  with 
the  BUMED/OSHA  90  dBA  criteria  may  not  be  achieved  in  the 
shipboard  environment. 
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Another  factor  in  the  problem  Is  the  practicality  of 
achieving  the  90  dBA  criterion  at  every  location  in  a 
macljinoi'y  .space.  If  noise  levels  are  higher  than  these 
criteria  at  some  locations  v/here  personnel  are  required  to 
be  at  short  intervals  during  the  course  of  the  workday,  the 
allowable  noise  dose  is  received  at  a faster  rate  and  the 
criteria  would  be  exceeded  even  though  the  bulk  of  the  work- 
day is  spent  in  locations  meeting  the  90  dBA  criterion. 

It  is  concluded,  therefore,  that  noise  levels  in 
machinery  spaces  that  meet  Category  D and/or  90  dBA  will 
not  necessarily  satisfy  the  intent  of  those  criteria  with 
respect  to  hearing  loss.  A more  definitive  criteria  i.s 
believed  to  be  needed  v/hlch  considers  a realistic  description 
of  the  activities  and  duration  of  the  shipboard  workday,  as 
well  as  the  career  duration  of  Navy  personnel  exposed  to 
shipboard  noise.  Svudles  should  be  undertaken  to  establish 
new,  realistic  criteria  for  shipboard  machinery  spaces. 

B.  Noise  Reduction  Limitations 

The  amount  of  noise  reduction  achievable  in  a given 
machinery  space  is  dependent  upon  three  factors; 

1.  The  number  of  noise  sources  treated; 

2.  The  type  of  noise  reduction  treatment  used;  and 

3.  The  composite  noise  level  of  the  untreated  noise 


sources. 
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The  composite  noise  level  of  the  untreated  sources  establishes 
n floor  or  baseline  beyond  which  further  reduction  is  not 
possible  rccardless  of  the  performance  of  the  treatment 
applied  to  the  treated  sources.  Above  this  baseline,  the 
achievable  noise  reduction  is  a function  of  the  acoustical 
porfoi'inance  of  the  treatments  applied. 

Decause  of  the  relative  cost  of  the  treatment  for  the 
main  reduction  Gear,  it  would  be  advantaccous  from  a cost 
standpoint  to  reduce  the  baseline  level  by  troatlnc  additional 
noise  sources  which  control  the  baseline  level.  A SHIPALT  is 
under  development  which  will  replace  the  brine  overboard  educ- 
tors. In  addition,  relatively  inexpensive  motor  silencers 
for  the  fire  pumps  should  reduce  baseline  levels  further  to 
realize  a higher  payoff  in  gear  treatment  effectiveness. 

C.  Alternative  Noise  Control  Approaches 

In  the  establishment  of  an  overall  noise  control  improve- 
ment package  for  machinery  spaces  in  FF  1032  class  ships, 
several  alternatives  are  worthy  of  consideration  in  addition 
to  the  treatments  tested  in  ELMER  MONTGOMERY.  These  alter- 
natives are  discussed  below  as  they  apply  to  the  individual 
machinery  spaces. 

1.0  Engine  Room 

In  the  engine  room  the  only  sources  treated  in  ELMER 
MONTGOMERY  were  the  main  reduction  gear,  its  foundation  and 
the  main  turbine  foundations.  After  treatment  of  these 
sources,  baseline  levels  approaching  90  dBA  remained  in  some 
locations.  This  approach  makes  it  very  difficult  to  achieve 
a goal  In  the  range  of  90  dBA  from  the  gear  treatment  alone. 
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Installation  of  the  SIIIPALT  to  replace  the  brine  overboard 
educators  will  alleviate  this  hiRh  baseline  problem  somewhat 
leaving  the  fire  pump  as  the  most  significant  untreated  source. 
Treatment  of  the  fire  pump  is  simple  and  inexpensive  and  would 
further  alleviate  the  baseline  problem  and  result  in  better 
reduction  of  the  composite  underway  noise  levels. 

The  close-coupled  composite  treatment  as  installed  in 
ELMEIl  MONTGOMERY  performed  as  expected  by  reducing  noise 
levels  to  below  90  dl3A  at  continuously  manned  watch-stations 
at  all  except  maximum  speeds.  However,  at  some  locations, 
noise  levels  remain  above  90  dBA,  even  at  low  ship  speeds. 

If  further  noise  reduction  Is  desired,  the  treatment  coverage 
must  be  expanded  to  cover  turbine  sub-bases. 

An  alternative  approach  to  controlling  the  main  engine 
and  gear  noise  is  a noise  enclosure.  Such  an  enclosure 
recently  demonstrated  better  noise  reduction  on  USS  SOUTH 
CAROLINA  than  was  achieved  with  the  close-coupled  treatment 
on  ELMER  MONTGOMERY  (reference  9).  The  experience  gained  on 
ELMER  MONTGOMERY  and  SOUTH  CAROLINA  does  not  provide  a clear 
answer  to  the  relative  merits  of  the  two  types  of  noise  control 
approaches.  Design  and  Installation  difficulties  on  both  ships 
resulted  in  distorted  cost  experience.  The  enclosure  was  fabri- 
cated in  the  ship  and  assembled  in  place  on  the  SOUTH  CAROLINA, 
whereas  the  close-coupled  treatment  required  considerable  cutting 
and  fitting  in  place  on  ELMER  MONTGOMERY.  The  enclosure  should 
be  less  labor-  intensive  and  less  susceptible  to  variations  in 
craftsmanship  although  this  supposition  was  not  clearly  proven 
by  experience  on  the  two  ships.  The  weight  (per  unit  area) 
of  the  enclosure  on  .SOUTH  CAROLINA  was  about  one-tliird  that  of 
the  close-coupled  treatment  on  ELMER  MONTGOMERY,  thus  providing 
a potential  weight  advantage  for  the  enclosure.  Both  the 
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enclosure  and  closc-coupled  treatment  dosicno  are  sensitive  to 
machinery  maintenance  requirements  which  should  bo  carorully 
implemented  to  minimise  the  maintenance  Impact.  The  subsequent 
experience  of  the  two  ships  with  rocard  to  the  maintenance 
aspect  of  the  treatments  v;ould  be  useful  inputs  to  the  selection 
of  alternative  treatments  as  well  as  desicn  optimization. 

2.0  Fire  Room 

Two  separate  approaches  were  used  in  the  two  ventila- 
tion exhaust  fans  in  the  fire  room.  The  treatment  of  the 
larcer  fan  which  included  relocatlnc;  the  fan  in  the  uptake 
space  proved  to  be  the  more  effective  approach  by  a com- 
fortable margin.  It  is  believed  that  treatment  of  larger 
fan  had  a slightly  higher  cost  but  was  offset  by  the  marked 
improvement  in  performance. 

In  the  noise  tests  in  USS  DOWNES,  the  noise  baseline 
in  one  portion  of  the  fire  room  was  held  above  90  dBA  by 
the  fire  pump.  Comparable  noise  levels  in  MONTGOMERY  were 
only  slightly  below  90  dBA.  A simple  and  inexpensive  motor 
silencer  for  the  fire  pump  would  ensure  baseline  levels  well 
below  90  dBA  in  this  portion  of  the  fire  room. 

The  treatment  on  the  forced  draft  blower  ducts 
performed  to  expectacions.  While  there  are  other  methods 
of  duct  lagging,  none  appear  to  offer  any  appreciable 
savings  in  cost  or  improvement  in  performance. 
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V.  RECOMMENDATIONS 

Summarised  in  this  noction  arc  the  rocommandationn 
comprir.lnc  a noise  control  packacc  for  the  PK  105^?  class. 
Also  outlined  is  a recommended  approach  to  extend  the 
hoarinc  conservation  procram  to  other  ship  classes. 

A.  FF  1052  class  Improvements 

The  recommendod  class  improvement  packace  for  the 
PP  1052  class  is  comprised  of  noise  reduction  treatments  for 
the  main  reduction  cear  case  and  foundation,  foundation  and 
sub-base  of  main  steam  turbines,  forced  draft  blov;or  ducts, 
fire  room  vent  exhaust  fans,  brine  overboard  eductors,  fire 
pumps  in  the  encine  and  fii'c  rooms  and  Prairic/Masker 
compressor  vents.  The  treatment  for  the  brine  overboard 
eductors  is  already  scheduled  in  the  form  of  a SHIPALT  to 
replace  the  eductors  with  pumps.  The  recommended  treatments 
for  the  other  noise  sources  are  discussed  below. 

1.0  Main  Reduction  Gear  Treatment 

The  treatment  as  installed  and  tested  on  ELMER  MONT- 
GOMERY covered  the  main  reduction  gear,  its  foundation  and 
the  foundations  for  the  main  turbines.  On  the  basis  of  the 
MONTGOMERY  tests,  it  is  recommended  that  the  coverage  be 
extended  to  include  the  turbine  sub-bases  as  well  as  lagginc 
of  the  lube  oil  piping  which  was  planned  for  but  not 
accomplished. 

Because  of  the  cost  and  performance  of  an  enclosure 
type  treatment  recently  installed  and  tested  on  USS  SOUTH 
CAROLINA,  it  is  recommended  that  the  design  for  a similar 
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typo  enclosure  for  FP  1052  clans  be  evaluated  as  an  alter- 
native to  the  close-coupled  treatment.  It  is  estimated  that 
it  would  cost  approximately  $10,000  for  a shipyard  to 
develop  a desicn  and  cost  estimate  to  provide  a basis  for 
comparison  with  the  close-coupled  treatment.  Because  of  the 
number  of  ships  in  the  FF  1052  class,  any  per  ship  savin&s 
represented  by  the  alternative  enclosure  is  multiplied 
forth-five  times  if  it  is  applied  to  the  remaininG  ships  in 
the  class. 

2.0  Forced  Draft  Blower  Ducts 

It  is  recommended  that  all  ships  of  the  class  receive 
the  forced  draft  blower  duct  treatment  as  installed  on  ELMER 
MONTGOMERY  consisting  of  a fiberglass  blanket  covered  with 
a thin  steel  sheath  and  using  flexible  boots  in  lieu  of  the 
steel  sheath  over  expansion  Joints  and  damper  sections. 
Additional  Installation  details  should  be  designed  for  the 
flexible  boots  to  ensure  that  the  acoustical  intensity  of 
the  treatment  is  maintained  from  boiler  surface  to  deckhead. 
As  was  done  on  ELMER  MONTGOMERY,  the  same  treatment  is 
recommended  far  the  llghtlng-off  blower  ducts  as  well. 

3.  Fire  Room  Vent  Exhaust  Fans 

It  is  recommended  that  both  exhaust  fans  be  treated  in 
the  same  manner  as  was  the  larger  fan  in  ELMER  MONTGOMERY. 
This  treatment  consisted  of  relocating  the  fan  in  the  uptake 
space  from  a vertical  to  a horizontal  position  and  reconnect 
ing  to  the  original  deck  collar  with  a straight  duct  section 
and  ninety  degree  elbow,  both  acoustically  lined.  This 
approach  will  eliminate  the  need  for  the  top  hat  typo  baffle 
that  was  Installed  on  the  smaller  fan  in  ELMER  MONTGOMERY. 
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This  chance  from  the  MONTOOMERY  installation  v;ill  result  in 
a .‘iicnlflcantly  improved  t)*eatmont  performance  at  an  expected 
slicht  increase  in  cost. 

4.0  Fire  Pumps  In  Engine  and  Fire  Rooms 

While  those  units  wore  not  treated  in  ELMER  HOhiXiOMERY , 
tests  on  the  DOWNES  indicated  noise  levels  in  excess  of 
90  dl3A  can  be  expected.  It  is,  therefore,  recommended  that 
these  units  be  provided  with  relatively  simple  motor  silencers. 
Silencers  of  this  typo  are  commercially  available  for  approx- 
imately $300  per  unit. 

5.0  Pralrle/Masker  Compressor  Vents 

In  ships  of  the  class  in  which  the  output  of  the  Prairie/ 
Masker  compressors  i«;  vented  into  the  fire  room  durinc  com- 
pressor warmup,  it  is  stroncly  recommended  that  the  vent  be 
modified.  The  desicn  for  a modification  to  this  vent  was 
developed  by  the  shipyard  during  the  MONTGOMERY  RAV,  but  was 
not  installed  due  to  schedule  and  funding  limitations. 

While  the  design  effort  on  this  modification  are  complete, 
installation  cost  estimates  have  riot  been  obtained  from  the 
shipyard. 

B.  Recommendations  for  Other  Ship  Classes 

The  prototype  demonstration  just  completed  in  USS  EU4ER 
MONTGOMERY,  along  with  concurrent  noise  control  efforts  in 
USS  SOUTH  CAROLINA  (reference  2 and  9)  have  demonstrated  the 
feasibility  of  reducing  noise  levels  in  machinery  spaces  to 
acceptable  hearing  damage  risk  levels.  In  the  past,  airborne 
noise  surveys  conducted  in  surface  ship  machinery  spaces 
documented  that  hearing  hazards  exist  in  all  ship  classes 
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Invootlcatod,  Of  oevon  .•Jhip  type.-,  aurvoyod,  cichty  percent 
of  the  work  stations  and  watch  stations  oxcoedod  BUMIiD 
hearing,  daniacc  risk  limits  for  all  measured  conditons. 
Demonstrated  solutions  are,  therefore,  availabxe  for  lonc- 
standinc  serious  problems  which  cause  hearinc:  loss  in 
personnel.  It  is,  therefore,  recommended  the  hoar inn  con- 
servation procram  address  those  other  classes  of  active 
surface  ships  so  that  proven  noise  control  approaches  can  be 
applied  as  appropriate  to  remove  hcarinc  hazards  in 
machinery  spaces. 

The  recommended  approach  to  a hearinc  conservation 
program  necessarily  requires  that  the  ships  be  gi'ouped  in 
classes  or  sub-classes  based  on  commonality  in  machinery 
suite  and  arrancements  and  the  macnltude  and  characteristics 
of  noise  problems.  This  step  can  bo  accomplished  through 
the  collection,  review  and  analysis  of  machinery  arrango- 
ments  and  existing  airborne  noise  survey  results.  After  the 
ships  have  grouped  into  classes  and/or  sub-classes,  it  is 
then  considered  necessary  to  conduct  an  airborne  noise  trial 
in  at  least  one  ship  in  each  group  in  order  to  determine 
which  specific  noise  sources  require  treatment.  Once  the 
trial  results  have  been  analyzed,  the  noise  sources  requiring 
noise  reduction  can  be  identified.  Appropriate  noise  reduc- 
tion treatments  can  then  be  selected  based  on  the  type  of 
source,  degree  of  noise  reduction  required,  relative  cost 
and  other  pertinent  factors.  These  treatment  designs  can 
then  be  developed  in  SHIPALT  form  and  cost  estimates  refined 
to  complete  improvement  packages  for  each  of  the  ship 
classes  and  sub-classes  which  would  reduce  noise  levels  to 
comply  with  the  BUMED  hearing  damage  risk  criteria. 
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Another  aspect  of  a major  hoarlnc  consci’vallon  procrain 
Is  the  potential  for  econcmics-of-scale.  On  the  MOnTOaMEHY 
prototype  installation,  only  previously  approved  materials 
were  utilised  which  resulted  in  some  practical  problem:;, 
some  of  which  were  not  solved  in  a completely  satisfactory 
mannoi'.  For  a major  procram,  lone  term  economies  could  bo 
expected  from  the  development  and/or  qualification  of  improved 
materials  which  arc  acoustically  effective  and  also  resistant 
to  moisture,  oil  vapor  and  abrasion  without  costly  packaclnc 
techniques.  It  is,  therefore,  recommended  that  materials 
development  and  qualification  bo  made  a part  of  an  overall 
hearing  conservation  program. 
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This  appendix  contains  a summary  or  he  noise  measure- 
ments taken  on  tlie  USS  MOHTGOHKRY  and  the  USG  DOWniiG.  It 
is  divided  into  four  sections.  The  first  section  describes 
the  microplionc  locations.  These  apply  to  all  three  sets 
of  data  which  follow.  After  the  first  section  there  is  a 
summary  section  for  each  of  the  three  tost  senuencos,  on, 
for  the  DOWNES  and  one  for  each  of  the  two  MONTGOMERY  tests. 

Each  of. the  tests  is  described  first  by  a tost  index, 
which  lists  the  runs  which  were  conducted  and  matches  each 
run  with  the  run  number  used  to  identify  it.  This  is  followed 
by  the  machinery  lineups  which  show  the  specific  items  of 
machinery  which  were  operating  during  each  run.  Finally,  a 
dBA  sununary  shows  the  A-weighted  sound  pressure  level  at  the 
various  microphone  positions  for  each  run. 
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TABLE  lA.  FIXED  MICROPHONE  LOCATIONS  IN  ENGINE  ROOM 


Nic.  Pos.  Description 


1.  Middle  Level.  Above  workbench  ncur  A/C  plant 

No.  2.  2'-0”  afe  of  Kr.  101,  inboard 

from  shell,  5* -6”  above  deck. 

2.  Middle  Level.  Above  loc  desk  between  distillinr: 

plants.  6 ‘-O'*  above  deck,  directly  above  aft 
Inboard  corner  of  desk. 

3.  Lower  Level.  Starboard  of  main  reduction  gear 

where  lube  oil  purifier  workbench  would  be. 

5 '-6"  forward  of  aft  oncine  room  bulkhead, 
inboard  of  starboard  stanchion  at  Pr. 

10l|,  6* -O'*  above  dock. 

Upper  Level.  Aft  of  EOS.  5 •-6”  above  aft  edpe 
of  second  deck  catwalk,  6"  to  port  of  HP 
turbine  centerline,  approximately  aft  of 
EOS  window. 

5.  Middle  Level.  Above  port  side  of  main  reduction  i^oar. 

I*-l"  Inboard  of  port  stanchion  of  Fr.  lO^l, 

A '-6"  above  deck,  9”  aft  of  stanchion  center- 
line. 

6.  Middle  Level.  Directly  above  centerline  of  gear 

output  shaft.  i4*-6"  above  catwalk,  directly 
above  handrail. 

7.  Lower  Level.  Port  of  main  reduction  gear,  between 

lube  oil  service  pumps.  5'-0"  forward  of  aft 
engine  room  bulkhead,  directly  aft  of  port 
stanchion  at  Fr.  104,  6'-0”  above  deck. 

7A.  Lower  Level.  Near  LO  settling  tank.  5'  above 
deck. 

8.  Middle  Level.  Forward  inboard  corner  of  distillinr, 

plant  No.  1,  near  main  condenser  air  ejector. 

5 '-6"  above  deck,  on  diagonal  between  forward 
inboard  corner  of  distilling  plant  No.  1 and 
starboard  stanchion  of  Fr.  loi,  from 

Stanchion  centerline. 
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Mic.  Pos.  Description 

9.  Middle  Level.  Above  and  between  compressor  and 

chill  water  pump  for  A/C  plant  No.  1.  5 '-4” 

above  deck,  7* -9”  outboard  of  port  stanchion 
of  Pr.  98. 

10.  Middle  Level,  Forward  inboard  corner  of  distlllinc 

plant  No*.  2.  5*-10”  above  deck,  10”  outboard 

of  stanchion,  2*-8”  forward  of  stanchion. 

11.  Lower  Level.  Bottom  of  stairs,  forward  starboard 

corner  of  lower  level,  near  fire  pump  No.  3 
and  bilge  and  brine  eductors.  5 ’-6”  above 
deck,  Pr.  97*  5*-0”  starboard  of  forward 
starboard  stanchion,  l*-0”  forward  of  ?r.  97. 

12.  Lower  Level.  Between  fire  pump  No.  3 and  main 

condensate  pumps.  off  of  bulkhead  95, 

2'-0”  inboard  of  starboard  stanchion,  5* -9” 
above  step-down  platform. 

13*  Lower  Level.  Main  condensate  pumps,  centerline 

forward.  4*-6”  above  deck,  4 ’-5”  aft  of 
bulkhead  95,  l*-0”  port  of  ship  centerline. 

lA.  Upper  Level.  Above  .center  of  main  reduction  gear. 

6”  port  of  ship  centerline,  5 '-A”  above 
gearcase,  2 ’-A”  forward  of  Fr.  lOA. 

15.  Lower  Level.  Above  distiller  feed  pumps.  6 '-6” 

above  deck,  3 *-10”  forward  of  starboard 
stanchion  at  Fr.  lOA . 

17.  Middle  Level.  Near  main  condenser  air  ejector, 

centerline  forward.  A'-O”  aft  of  forward 
engine  room  bulkhead,  6”  starboard  of  ship 
centerline,  A’-O”  above  deck. 

18.  Middle  Level.  Outboard  of  distilling  plant  No.  1, 

directly  above  brine  overboard  eductors, 

7* -6”  above  forward  end  of  outboard  brine 
eductor. 
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FIG.  IB.  ENGINE  ROOM  - MIDDLE  LEVEL,  MACHINERY  ARRANGEMENT 
AND  MICROPHONE  LOCATIONS. 
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TABLE  IB.  FIXED  MICROPHONE  LOCATIONS  IN  FIRE  ROOM 


MIc.  Pos.  Dnscrlption 

58.  Lower  Level.  2*-0**  directly  above  center  of  burner 
cleaning  bench. 

77*  Lower  Level.  Between  PRAIRIK-MASKI2R  compressor  Ho.  1 
and  boiler  Ho.  lA.  2* -8"  starboard  and  3'-l” 
aft  of  forward  starboard  corner  of  boiler 
No.  lA,  5 '“7”  above  dock. 

79*  Lower  Level.  Between  fuel  oil  service  pump  Ho.  1 
and  boiler  No.  lA.  2’-6'*  directly  outboard 
of  forward  port  corner  of  boiler  Ho.  lA,  5 '-3" 
above  deck. 

81A,  Lower  Level.  Betv/een  boilers,  starboard.  2 '-10'* 
aft  and  3 '-2"  inboard  of  aft- starboard  corner 
of  boiler  No.  lA,  6 ’-2"  above  deck. 

81D.  Lower  Level.  Between  boilers,  port.  ^l*-7**  aft 

and  Inboard  of  aft  port  corner  of  boiler 

No,  lA,  above  deck. 

* 

82.  Lower  Level.  Between  PRAIRIE-MASKER. ‘compressor 
No.  2 and  boiler  No.  IB.  2 *-10"  starboard 
and  l|'-9"  forward  of  aft  starboard  corner  of 
boiler  No.  IB,  5 ’-11”  above  deck. 

88,  Upper  Level.  Forward  of  main  feed  pump  No.  1C. 

2 '-9"  forward  of  main  feed  pump  Mo.  1C,  in 
line  with  pump  axis,  V-3"  above  deck. 

93*  Lower  Level.  Near  main  feed  booster  pump  No.  I8. 

l*-9”  Inboard  and  6"  forward  of  forward  inooard 
mount  of  main  feed  booster  pump  No.  IB,  5 '-6"  above 
deck. 

10l|.  Lower  Level.  Between  fire  pump  No.  2 and  transfer 

panel,  above  wash  basin.  Directly  above  Inboard 
edge  of  basin,  5 ’-6"  above  deck. 

155*  Upper  Level.  Above  port  aft  workbench.  2* -6" 
above  vise  or  aft  port  workbench. 

156,  Upper  Level.  Port  of  boiler  No.  lA,  between  stairs. 

6* -7"  port  of  boiler  No.  lA,  ^J*-6"  foi’ward  of 
control  station  bulkhead,  6'-l"  above  dock. 


A-6 


Bolt  Bcranok  and  Ucvanan  Inc. 


Report  Ho.  3222 


TABLE  IB  (Cont.J 


Hie.  Pos.  Description 

157.  Upper  Level.  Centerline  between  boilero.  Center 

of  crosawalk  between  bollera,  5 '-11*'  above 
deck. 

158.  Upper  Level.  Aft  of  main  feed  pumps  Moa.  lA  and 

111.  2 ’-6"  aft  of  aft  end  of  main  feed  pump 

No.  Ill  and  3'-0”  port  of  centerline  of  pump 
IB,  above  deck. 

201.  Second  Dock.  Centerline  between  boilers.  Center 

of  crosswalk  between  boilers,  6*-0"  above  dock. 

202.  Second  Deck.  Foot  of  forward  oort  stairs  to  main 

deck.  13 ’-2"  aft  of  bulkhead  79,  3’-0"  poi't 
of  boiler  Mo.  lA,  il'-l"  above  deck. 

203.  Main  Deck.  Center  of  forward  forced  draft  blower 

room.  Between  turbine  ends  of  forced  draft 
blowers  lAl  and  1A2,  5 '-6”  above  deck. 

LV  Below  larce  exhaust  fan  bellmouth. 

ATH  Below  small  exhaust  fan  bellmouth. 

FDB  Forced  draft  blower  room.  Between  forced  draft 

blowers  Mo.  lAl  and  1A2. 
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TABLE  1C.  FIXED  MICROPHONE  LOCATIONS  IN  AMR  NO.  1 


Mic.  Pos.  Description 


31.  Upper  Level.  Near  workbench  and  SSTO  No.  lA. 

6'  above  deck,  inboard  from  ohcll, 

at  Kr.  73. 

32.  Upper  Level.  Between  SS  turbo-fjenorators  No.  lA 

and  ID.  l’-3”  forward  •'nd  9”  inboard  of 
otarboard  stanchion  at  Kr.  73 » 6 ’-3"  above  deck. 

33.  Upper  Level.  Between  SS  turbo-cenerators  No.  IB 

and  1C.  2*  forward  and  V Inboard  of  port 

stanchion  at  Pr.  73»  5'-9"  above  deck. 

3^.  Upper  Level.  Between  LP  air  compressor  and  HP 
air  compressor.  5*  inboard  from  shell, 

3’-8”  aft  of  Pr.  73,  6’-2”  above  deck. 

35.  Upper  Level.  Forward  of  FO  service  tank.  5'  above 

deck,  on  centerline,  3*  forward  of  FO  tank. 

36.  Lower  Level.  Between  SS  turbo-cenerators  ^'.0,  Ik 

and  IB.  l*-8”  inboard  of  starboard  stanchion 
at  Fr.  73,  6»-l”  above  deck. 

37.  Lower  Level.  Between  SS  turbo-generators  No.  IB 

and  1C.  2'  forward  and  3'  inboard  of  port 

stanchion  at  Pr.  73,  5 ’-3”  above  deck. 
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MACHINERY  ITEM 

Main  Reduction  Gear  | 
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Propulsion  K.P.  Turbine 

Main  Air  Ejector 

Main  Circulating  Pump  | 

Main  Conditioning  Pump  #1A 

fialn  Conditioning  Pump  IIB 

1 

I 
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Distilling  Plant  #1 

1 Distilling  Plant  #2 

Fire  Pump  ?3 

. Air  Conditioning  Comp.  11 

Air  Conditioning  C.W.  Circ.  Pump  11 

Air  Conditioning' Comp.  HZ 

Air  Conditioning  C.W.  Circ.  Pump  #2 

Vent  Supply  Fan  #2-103-1 

Vent  Supply  Fan  #2-101-2 

Vent  Exhaust  Fan  #01-101-1 

Vent  Exhaust  Fan  #01-101-4 
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MACHINERY  ITEM 

Boiler  j?lA 

Boiler  #'1B 

Forced  Draft  Blower  #1A1 

Forced  Draft  Blower  i7lA2 

Forced  Draft  Blower  #1B1 

Forced  Draft  Blower  #1B2 

Main  Feed  Pump  j?lA 

Main  Feed  Pump  ?1B 

Main  Feed  Pump  slC 

Main  Feed  Booster  Pump  i?lA 

Main  Feed  Booster  Pump  «1B 

Main  Feed  Booster  Pump  "1C 

Fuel  Oil  Service  Pump  *1A 

Fuel  Oil  Service  Pump  "IB 

F.W.  Drain  Pump  #1A 

F.W.  Dram  Pump  ,=1B 

Fire  Pump  =2 

Prairie  Masker  Air  Comp.  flA 

Prairie  Masker  Air  Comp.  .«1B 

Auxiliary  Gland  Exhaust  Fan 

Vent  Supply  Fan  s01-8‘l-3 

Vent  Supply  Fan  #1-34-2 

Vent  Exhaust  Fan  #1-85-2 

Vent  Exhaust  Fan  #1-88-1 
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MACHINERY  ITEM 

SS  Turbo-qenerator  #1A  1 

SST6  Circulatinq  Pump  #1A  1 

SSTG  Condi tioninq  Pump  ^lA  I 

SS  Turbo-qenerator  =1B 

SSTG  Circulatinq  Pump  #1B 

SSTG  Conditioning  Pump  #1B  1 

SS  Turbo-generator  "1C 

SSTG  Circulating  Pump  #1C 

SSTG  Conditioning  Pump  "1C 

SSTG  Gland  Exhaust  Fan  I 

Fire  Pump  5/1 

L.P.  Air  Compressor 

H.P.  Air  Compressor 

Fin  Stabilizer  #1(S) 

Fin  Stabilizer  ?2(P) 

F.O.  Transfer  Pump  ' 

ASROC  Circulating  Pump  #1 

ASROC  Circulating  Pump  *2 

SS  400  Hz.  Motor  Generator  Set 

1 Vent  Supply  Fan 

Vent  Exhaust  Fan 
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MICROPHONE  LOCATION 

Workbench  - A/C  f2 

Log  Desk  by  Stills 

Starboard  KRG 

Port  MRG 

Port  KP.G 

By  Stills  -"Titres  Square" 

Between  F.P.  & Cond  P. 

For.vard  Cond  Pun;ps 

Center  of  MRG 

Forv/ard  Main  Air  Ejector 
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M0NTG0t€RY  PRE-RAV 


TEST  INDEX 


ENGINE  ROOM 
Dockside 


401  Baseline 

402  LO  Purifier  #1A 

403  Main  Air  Ejector  5 IB 

404  Main  Conditioning  Circulating  Pump  - Low  Speed 

404A  Main  Conditioning  Circulating  Pump  - High  Speed 

405  Fire  Pump  #3 

406  Ventilation  Fans 

407  Main  Conditioning  Pump  ^ID 

409  Main  LO  Service  Pump  HB  - Low  Speed 

409A  Main  LO  Service  Pump  i?lB  - High  Speed 

412  Distilling  Plant  #1 

424  Air  Conditioning  CW  Circulating  Pump  jfl 

425  Air  Conditioning  Hump  and  Compressor  ill 

426  Air  Conditioning  Pump  and  Compressor  HZ 

429  Non-Propulsion  Baseline  - Conditioning  Pumps,  stills 
and  Main  Circu'ating  Pump 

430  Distilling  Plants  #1  and  HZ 

Underway 

1001  Baseline  160  RPM 

1002  Same  as  1001  with  Brine  Eductors  secured 

1003  Same  as  1001  with  Distilling  Plants  secured 

1004  Same  as  1003  with  Fire  Pump  secured 

1005  Same  as  1004  with  Main  Conditioning  Pump  #1B  secured 

1006  Same  as  1005  with  Main  Circulating  Pump  - Fast 

1007  Same  as  1005  with  Main  LO  Service  Pump  if\^  secured 

1009  Same  as  1005  with  A/C  Plant  HZ  secured 

1010  160  RPM 

1011  Baseline  180  RPM 

1021  Baseline  200  RPM 


FIRE  ROOM 
Dockside 

3001A  Boiler  #1A,  Blowers  iSflAl  and  IBl  0 3000  RPM 
3001B  Same  as  3001A  with  FDB  #1B1  @ 4500  RPM 
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WNTGOKERY  PRE-RAV 


3001 C 
3002A 
3002B 
3002C 

3003 

3004 

3005 

3007 

3008 
V-1 


Same  as  3001A  with  FOB  *1R1  P 5600  R(»M 

Same  as  3001A  with  FOB  mz  0 3000  RPM 

Same  as  3002A  without  FOB  iSflBl  and  with  FOB  flB2  0 4500 

Same  as  3002B  with  FOB  jSflB2  0 5600  RPM 

Same  as  3008  with  Main  Feed  Booster  jUlC 

Same  as  3008  with  Fire  Pump  HZ 

Same  as  3008  with  FO  Service  Pump  ?1B  instead  of  jflA 

Same  as  3005  with  P/M  A/C  i!flB  % • 

Quiet  Baseline,  Boiler  ^lA,  Blower  jflAl 

Ventilation  Fans  • High  Speed 


Underv/ay 


2001  Baseline  160  RPM 

2002  FO  Blower  lAl  into  Cold  Boiler/A  0 3000  RPM 

2003  Same  as  2002  with  FOB  lAl  0 4500  RPM 

2004  Same  as  2002  with  FOB  lAl  0 3000  RPM  and 

FOB  1A2  0 3000  RPM 

2005  Same  as  2001  with  Main  Feed  Pump  IIA  instead  of  i.'iC 

2007  P/M  A/Cs  and  IB  Venting  to  Space 

2007A  P/M  A/Cs  #1A  and  IB  Venting  to  Belts 

2010  Baseline  - 2 Boilers,  Fire  Pump 

2011  Baseline  - 1 Boiler,  Fire  Pump,  and  P/M  #2 

2020  Baseline  - 180  RPM 

2030  Baseline  - 200  RPM 
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MONTGOMERY  POST-RAV 


TEST  INDEX 


ENGINE  ROOM 
Dockside 

100  Quiet  Baseline 

101  Vent  System  Baseline  {No.  01-101-4  Low  Speed) 

lOlA  Vent  System  Baseline  (No.  01-101-1  Low  Speed) 

102  Auxiliaries  and  Vents 

102A  Auxiliaries  and  Vents  with  Fire  Pump  Secured 

103  Low  Speed  Baseline  - Includes  Main  Circulating  Pump 

119  Fire  Pump  No.  3 

152  Mid-Speed  Non-propulsion  Baseline  (one  conditioning  pump 

one  still  and  Main  Circulating  Pump) 

152A  Same  as  152  with  Main  Circulating  Pump  secured 

152B  Same  as  152A  with  Fire  Pump  No.  3 secured 

152C  Same  as  152B  with  both  stills  running 

152D  Same  as  152C  with  Fire  Pump  {12  running 

152E  Same  as  152D  with  stills  secured 

Underway 

175  160  RPM 

176  180  RPM 

177  200  RPM 

178  220  RPM 

177A  Same  as  177  with  stills.  Air  Conditioning  Plant  and 

Fire  Pump  secured 

181  160  RPM  Baseline 

182  Same  as  181  with  one  still  secured 

183  Same  as  181  with  both  stills  secured 

184  Same  as  183  with  Fire  Pump  and  Air  Conditioning  Plant  Secured 

186  Same  as  183  with  Fire  Pump  secured 

189  Same  as  183  with  Air  Conditioning  Plant  secured 


FIRE  ROOM 
Dockside 

200A  Quiet  Baseline 

201  Vent  System  Baseline 

202  Supply  Fan  No.  1-84-2,  Exhaust  Fan  No.  1-85-2 

203  Supply  Fan  No.  1-84-3,  Exhaust  Fan  No.  1-88-2 


» 
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MONTGOMERY  1‘OST-RAV 


20^  Non-propulsion  Baseline 

205  Fire  Pump  No.  2 

206  Auxiliary  Gland  Exhaust  Fan 

250  One  Boiler  Baseline  (no  vents) 

251  Same  as  250  with  FOB  IBl  at  3000  RPM 

252  Same  ns  250  with  FOB  IBl  at  -1500  Rl'M 

253  Same  ns  250  with  FOB  IBl  and  1B2  at  3000  RPM 

255  Same  as  250  with  FOB  1B2  at  4500  RPM 

256  Same  as  250  with  FOB  1B2  at  5000  P.PM 

Underway 

275  160  RPM 

276  180  RPM 

277  200  RPM 

278  220  RPM 

27 5A  160  RPM 

285  160  RPM  with  Prairie-Masker  lA 

235A  Same  as  285  with  Main  Feed  Booster  Pump  No.  1C  secured 
285B  Same  as  285A  with  Prairie  Masker  and  FOBS  secured 

287  160  RPM  with  Prairie-Masker  No.  IB 

288  160  RPM 


AMR  NO.  1 
Dockside 

301  Ventilation  Fans  on  High  Speed 

313  Quiet  Baseline  (Turbo-generator  Circulating  Pump  #1B  running) 

318  Air  Compressors,  ASROC  Circulating  Pump  i'2,  400  Hz. 

Motor  Generator  Set  and  Vent  Exhaust 

318A  Same  as  318  with  Vent  Supply  fan  running  and  400  Hz. 
set  secured 

319  Same  as  318  with  Vent  Supply  Fan  and  Fin  Stabilizers  running 

386  SSTG  Load:  nA-240,  #iC-240 

387  SSTG  Load:  #lA-470,  jflC-Idling 

388  SSTG  Load:  HA-Idling,  »lC-530 

389B  SSTG  Load:  nA-580,  nC-Secured 

Underway 

375  160  RPM  - SSTG  Load:  iHlA-SlO,  nC-310 

375A  160  RPM  - SSTG  Load:  #lA-330,  nC-330 

376  180  RPM  - SoTG  Load:  nA-300,  i?lC-300 

377  200  RPM  - SSTG  Load:  #lA-290,  nC-290 

378  220  RPM  - SSTG  Load:  #1A-310,  nC-310 

381  Fin  Stabilizers 

382  Baseline  for  Fin  Stabilizers 
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MACHINERY  ITEM 

Main  Reduction  Gear 

Propulsion  L.P.  Turbine 

Propulsion  H.P.  Turbine 

Main  Air  Ejector 

i 

I 

I 

Main  L.O.  Service  Pump  ?1A 

Main  L.O.  Service  Pump 

Main  L.O.  Purifier  ;flA 

Distilling  Plant  #1 

Distilling  Plant  .f2 

fO 

■nt.' 

C3. 

n 

3 

Q. 

0) 

•n- 

U. 

Air  Conditioning  Comp.  #1 

Air  Conditioning  C.W.  Circ.  Pump  #1 

1 Vent  SuDolv  Fan  No.  2-103-1 

Vent  SuDply  Fan  No.  2-101-2 

1 

Vent  Exhaust  Fan  No.  01-101-4 

RUNNING  L - LOW  SPEED  H - HIGH  SPEED 
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RUNNING  L - LOW  SPEED  H - HIGH  SPEED  I - IDLING 
BLOWER  SPEEDS  IN  KRFM 


tiOtr^.  .ERY  POST-RAV  MACHINERY  LINE-UPS  FOP.  FIRE  ROOM  UNDERWAY  MACHINERY  TESTS 


RUWIinG  L - LOW  SPEED  H - HIGH  SPEED  I - IDLING 
BLOWER  SPEEDS  liJ  KP-PIJ 


MPHTnOMFRY  PQST-RAV  MACHINERY  UNE-UPS  FOR  A?^R  N 


MONTGOMERY  POST-RAV  MACHINERY  LINE-UPS  FOR  AMR  NO.  1 UNDERWAY  WCHIHERY  TEST 
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